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Preface 



Generally speaking, inflammation is a well characterized biological reaction to 
chemical, microbiological and physical agents that can affect any tissue of the body 
and that should be regarded as a defence mechanism to protect the integrity of the 
biological tissues. 

Although always present, these general characteristics can present several varia- 
tions depending on factors such as etiological agents, tissues affected and intensity 
of the reaction. For instance, the nature of the inflammatory infiltrate shows differ- 
ent characteristics in various situations and allows differentiating of an acute reac- 
tion from a chronic or allergic one. Furthermore, the presence of distinct cell types 
or histologic characteristics is necessary for the diagnosis of specific inflammatory 
conditions. 

Whenever possible, pharmacological interventions in inflammation should be 
directed towards elimination of the causative agent responsible for the development 
of the inflammatory condition. A classic example is the inflammation caused by bac- 
teria where pharmacotherapy is directed towards the elimination of the bacteria. 
Another example is the local inflammation reaction caused by a foreign body pre- 
sent in a body cavity or tissue. In these cases, surgical removal of the foreign body 
should be the most important part of the therapeutic intervention. In several cases 
however, the achievement of this ideal goal is not possible. This occurs for instance, 
when the causative agent is not known or cannot be eliminated. In these situations 
or when the inflammatory reaction itself is causing problems, the therapeutic inter- 
vention should be directed towards reduction of the intensity of the inflammatory 
response, usually by inhibiting one or more of the numerous mediators of the 
inflammatory response. 

As with any other tissue or system of the body, the gastrointestinal tract can also 
be the site where an inflammatory reaction occurs and, as in any other tissue, this 
reaction can be the response to viruses (hepatitis), bacteria (H. Pylori ), chemical 
agents (oesophagitis) or unknown agents (inflammatory bowel disease). The thera- 
peutic approach to gastrointestinal inflammation follows the general guidelines out- 
lined above: elimination of the causative agent(s) whenever possible, and/or modu- 
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lation of the intensity of inflammatory reaction. The pharmacotherapy of the gas- 
trointestinal inflammatory processes has witnessed several important advances in 
recent years: new causative agents have been identified or proposed and new drugs 
or therapeutic approaches have been introduced in the management of these disor- 
ders. Surprisingly however, the availability of recently published books on this sub- 
ject is rather scarce. Therefore the idea behind this work was to review the phar- 
macotherapy of some inflammatory conditions of the gastrointestinal tract and pre- 
sent them in an easy-to-read and easy-to-consult book format. Perhaps the most 
difficult part of this work was the selection of the subjects to be included in the 
book. Important therapeutic advances have been made in several gastrointestinal 
conditions that are too numerous to be included in a single book with the charac- 
teristics described above. The selection was made by taking into account both the 
prevalence and importance of gastrointestinal inflammatory disorders and specific 
therapeutic advances. The result has been a book that reviews six important areas 
of gastrointestinal pharmacotherapy, written by recognized world experts in their 
field who have done excellent work in summarizing the advances in their areas of 
expertise. I hope that this book will be well received and that it acts as a basis for 
fostering interest and research in the area of pharmacotherapy of gastrointestinal 
inflammation. 

Barcelona, May 2003 Antonio Guglietta 
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Pharmacotherapy of Helicobacter pylori -associated gastritis 



Marco Romano and Antonio Cuomo 

Dipartimento di Internistica Clinica e Sperimentale - Cattedra di Gastroenterologia, Seconda 
Universita di Napoli, c/o II Policlinico Edificio 3, Secondo piano, Via Pansini 5, 80131 Napoli, 
Italy 



Introduction 

Helicobacter pylori (H. pylori) is a ubiquitous gram-negative bacterium infecting 
half the world’s population [1, 2]. Transmission occurs via person-to-person pas- 
sage, and unclean water sources have been implicated in infection transmission. The 
principal reservoir is the human stomach. Prevalence rates are much higher in devel- 
oping countries and generally vary by geographical location, ethnic race, socio-eco- 
nomic conditions, and age. 

Infection can be diagnosed by invasive techniques requiring endoscopy and biop- 
sy (i.e., rapid urease test, histology, and culture) and by non-invasive techniques 
(serology, 13 C urea breath-test, detection of H. pylori antigen in stool specimen). 

H. pylori infection is the major cause of chronic gastritis and peptic ulcer disease 
[3] and eradication of H. pylori infection is associated with a dramatic decrease in 
ulcer recurrence [4]. Recently, epidemiologic and laboratory studies in animals, as 
well as interventional studies in humans, strongly suggest that H. pylori may play a 
pathogenic role in the development of adenocarcinoma of the distal stomach [5-7]. 
It is impossible to predict the ultimate outcome of an H. pylori infection in an indi- 
vidual. Nevertheless, the various outcomes may be correlated with the distribution 
of gastric lesions (e.g., antral-predominant gastritis is associated with duodenal ulcer, 
whereas pangastritis is associated with development of gastric adenocarcinoma) [6]. 

The mechanisms whereby H. pylori may cause gastroduodenal disease and con- 
tribute to gastric carcinogenesis are still hypothetical [5-8]. However, the produc- 
tion by the bacterium of specific virulence factors that cause damage to the epithe- 
lial cells and impair the healing process of the damaged mucosa together with the 
response of the host to the infection and the association with environmental factors 
may be involved [5, 6, 8]. 



H. pylori - associated gastritis 

Acute phase of H. pylori infection is rarely encountered because the initial illness 
has trivial symptomatology and goes unnoticed by the patient. Biopsy specimens 
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reveal marked degenerative changes in the surface epithelium and conspicuous neu- 
trophilic polymorphonuclear infiltration with “pit abscesses” and adherent poly- 
morph exudates on the surface. 

H. pylori causes chronic active gastritis in virtually all infected individuals. Per- 
sistent inflammation of the gastric mucosa can ultimately lead to the loss of its nor- 
mal architecture, with the gradual disappearance of gastric glands that contain spe- 
cialized cells. In the resulting atrophic mucosa, inflammation and intestinal meta- 
plasia may persist, whereas H. pylori colonization density may decrease. Eventually, 
dysplasia and gastric cancer may develop. The majority of individuals who acquire 
chronic H. pylori gastritis will exhibit mild gastritis more prominent in the antrum 
compared with the corpus. A minority of infected subjects develop marked chronic 
inflammation in the antrum with mild inflammation in the oxyntic mucosa (antral 
predominant gastritis); these individuals are prone to develop duodenal ulcers. 
Infrequently, some individuals show a corpus-predominant pattern which overlaps 
with autoimmune gastritis. These individuals are more susceptible to the develop- 
ment of gastric cancer. Multifocal atrophy and intestinal metaplasia (i.e., patchy 
areas of glandular loss and intestinal metaplasia alternate with areas having a well 
preserved glandular layer) may develop. 

The inflammatory response of the host depends in large part on the products of 
the genes contained in the cag pathogenicity island (cag PAI) which is a 40-kb-chro- 
mosomal DNA insertion invariably associated with severe clinical outcomes [9]. 
The expression of genes encoded by the cag PAI are responsible for the increased 
gastric mucosal levels of the pro-inflammatory cytokines interleukin (IL)-1(3, IL-6, 
IL-8 and TNF-a. Moreover, H. pylori - infected subjects show higher gastric levels of 
cyclo-oxygenase-2 (COX-2) and epidermal growth factor-related peptides [10-12]. 

The question arises why do some people with H. pylori infection develop antral- 
predominant gastritis with normal or increased acid secretion whereas others devel- 
op body-predominant gastritis with decreased acid secretion? We know that marked 
suppression of gastric secretion by proton pump inhibitors (PPIs) in H. pylori posi- 
tive subjects with antral-predominant gastritis leads to pangastritis and accelerates 
development of atrophy [13]. Therefore, it is possible to postulate that H. pylori 
infection in subjects with a pro-inflammatory IL-1 genotype causes high IL-1(3 activ- 
ity within the gastric mucosa with marked suppression of gastric secretion. This 
favours the development of a body-predominant gastritis which, in turn, will further 
inhibit gastric secretion, thus leading to atrophic gastritis which is a well recognized 
precursor of gastric cancer. On the other hand, in subjects without the pro-inflam- 
matory IL-1 genotype, the infection will not cause an impairment of acid secretion 
and the inflammation will not extend into the oxyntic mucosa and these patients 
will develop an antral-predominant gastritis. In subjects with a genetically high pari- 
etal cell mass, the increased gastrin concentration, secondary to a decrease in soma- 
tistatin-producing D cells, will result in markedly increased acid secretion, thus pos- 
sibly leading to duodenal ulcers [14, 15]. 



2 




Pharmacotherapy of Helicobacter pylori - associated gastritis 



Therapy of H. pylori infection 

The management of H. pylori gastritis consists of a three-step approach: diagnose, 
treat and confirm cure. The availability of accurate and non-invasive tests, such as 
urea breath test or stool antigen test, has rendered confirmation of cure practical. 
The location of H. pylori within the stomach (e.g., the mucus lining the surface 
epithelium or the surface of mucous cells) provides a challenge for antimicrobial 
therapy. In addition, the gastric lumen is a hostile environment for antimicrobial 
therapy because the drug must penetrate thick mucus and may need to be active at 
a pH value below neutral. A successful therapy requires a combination of drugs 
that prevent the emergence of resistance and reaches the bacteria within its various 
niches. Therapy must ensure that a small population of bacteria does not remain 
viable. Eradication is defined as the presence of negative tests for H. pylori four 
weeks, or longer, after the end of antimicrobial therapy. Clearance or suppression 
of H. pylori may occur during therapy and failure to detect H . pylori on tests done 
within four weeks of the end of therapy may give false-negative results. This is 
because clearance or suppression is swiftly followed by the recurrence of the origi- 
nal infection. 

Treatment regimens for H. pylori infection have been evolving since the early 
1990s, when monotherapy was first recommended. Antimicrobial therapy for this 
infection is a complex issue and the results from new combination treatments are 
often unpredictable. Mistakes that should be avoided include quick adoption of reg- 
imens tested only in small populations and substitution of one well-studied, effec- 
tive medication for another in the same class. Also, it is important to validate the 
success rate of a treatment regimen in each country, and perhaps even in the specif- 
ic region of each county, where its use is planned. 

Regimens that have been proven effective consist of combinations of a proton 
pump inhibitor (PPI) and two antibiotics: amoxicillin/clarithromycin, metronida- 
zole/clarithromycin or amoxicillin/metronidazole. The other proven effective com- 
bination is a four-drug combination of a PPI, tetracycline, metronidazole and bis- 
muth (i.e., quadruple therapy). 



Drugs used to eradicate H. pylori infection 
Proton pump inhibitors 

PPI-based triple therapies have shown their efficacy in various clinical trials from 
different geographical areas. PPIs have direct antimicrobial effects in vitro on H. 
pylori. A mechanism for this observation may be an effect on urease or an H + , K + - 
ATPase on the surface of the organism [16]. The function of this ATPase is uncer- 
tain, but it could help the organism extrude hydrogen ions in the acidic environment 
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of the stomach. The minimal inhibitory concentrations (MIC) that prevent growth 
in 90% of H. pylori organisms are different for each PPI, lansoprazole being the one 
with the lowest MIC 90% (i.e., 6 mg/1) [16]. However, the direct antimicrobial 
effects of PPIs do not seem to play a major role in the eradication of the infection. 
In fact, consistent advantage in terms of better eradication rates has not been 
demonstrated for any particular PPI. 

The mechanism(s) of synergy of PPIs, combined with antimicrobials to increase 
their clinical efficacy against H. pylori , is not fully elucidated. The gastric environ- 
ment with its peristalsis, low luminal pH, active secretion and mucous layer is not 
ideal for the optimal activity of antimicrobials. Also, antimicrobials may not achieve 
bactericidal concentrations within and beneath the gastric mucus. Antisecretory 
drugs, such as PPIs, can interfere with the indirect delivery of antibiotics, as has 
already been suggested for metronidazole and clarithromycin [17]. Also, gastric acid 
suppression results in a decreased gastric juice volume, slowing of gastric emptying, 
reduction in the washout of antibiotics and hence increased luminal antibiotic con- 
centration [18-21]. In addition, the increased absorption and tissue penetration of 
antimicrobials with elevated gastric mucosal levels caused by omeprazole may con- 
tribute to the synergy [18-21]. Furthermore, acid suppression may reduce the chem- 
ical degradation or increase the drug stability at a higher gastric pH [17]. Finally, at 
the high intragastric pH, nitroimidazoles will be un-ionized and, therefore, more 
lipophilic, thus being more capable to cross cell membranes, including those of bac- 
teria [18]. 



Bismuth 

Bismuth was one of the first agents used against H. pylori infection. When used in 
combination with other antibiotics it should be used as a second-line therapy 
according to the Maastricht 2-2000 Consensus [22]. Bismuth may be available in 
three pharmacological forms: bismuth subsalicylate, colloidal bismuth subcitrate 
and ranitidine bismuth subcitrate (RBC). 

The fundamental chemistry of bismuth compounds is poorly understood. It is 
clear that the chemical structure of these compounds is very complex. It is also 
largely unknown what happens to bismuth compounds in the acid environment of 
the stomach. There is evidence that bismuth is directly bactericidal, although its 
MIC is relatively high for H. pylori. Like other heavy metals such as zinc and nick- 
el, bismuth compounds do interfere with the activity of urease enzyme, the high 
activity of which is a characteristic feature of H. pylori. Also, bismuth compounds 
exert their topical antimicrobial activity, acting directly on bacterial cell walls to dis- 
rupt their integrity by accumulating inperiplasmic space and along membranes. 
Other proposed mechanisms include interference with the mucosal attachment of H. 
pylori organisms to surface epithelial cells and changes in the mucous micro-envi- 
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ronment and mucosal surface. Antibacterial concentrations of bismuth are achieved 
in antral mucus for about two hours after dosing. 



Metronidazole 

The mechanism of action of metronidazole and of other nitroimidazoles is reflected in 
a selective toxicity to anaerobic or microaerophilic micro-organisms. H. pylori ordi- 
narily is highly sensitive to metronidazole, which is actively secreted into gastric juice 
and saliva and whose activity is independent of pH. Metronidazole is a prodrug that 
must undergo activation by bacterial nitroreductases. There are a number of H. pylori 
enzymes with the potential to reduce metronidazole, and it is possible that the 
increased dosage and resulting very high concentrations in the stomach allow sufficient 
drug to become activated to kill the organism. It is currently thought that chemically 
active reduced forms of the drug produce biochemical lesions that lead to the death of 
the cell. In particular, reduced metronidazole causes loss of the helical structure of 
DNA, strand breakage, and an accompanying impairment of its function. Tinidazole, 
another nitroimidazole derivative, gives results that are comparable to metronidazole. 



Clarithromycin 

Clarithromycin is a 14-membered ring macrolide antibiotic. It is a derivative of ery- 
thromycin compared with which it has a similar spectrum of activity and clinical 
use, but is more acid-resistant, has more consistent absorption, and has a longer 
half-time. Clarithromycin was trialled although never advocated as a single antibi- 
otic for the treatment of H. pylori infection in the early 1990s, but monotherapy 
gave a poor response and was linked to the development of resistance. Results 
showing about 90% H. pylori eradication in triple therapy regimens using clar- 
ithromycin led to widespread use of this antibiotic. However, the increasing preva- 
lence of clarithromycin-resistant H. pylori strains must be kept in mind prior to 
using this antimicrobial. In this regard, unlike metronidazole, there is no evidence 
that increasing the dosage will overcome the resistance. 



Amoxicillin 

Amoxicillin, a penicillinase-susceptible semi-synthetic penicillin, is a close chemical 
and pharmacological relative of ampicillin. Amoxicillin inhibits the synthesis of the 
cell wall of the bacterium and acts both topically and systemically following absorp- 
tion into the blood stream and subsequent delivery into the gastric lumen. The drug 
is stable in acid and is designed for oral use. The antimicrobial spectrum of amoxi- 
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cillin is essentially identical to that of ampicillin compared with which is more 
rapidly absorbed from the gastrointestinal tract. H. pylori is very sensitive in vitro 
to this antibiotic, but gastric antisecretory co-therapy is required for any meaning- 
ful effectiveness. 



Tetracyclines 

The tetracyclines are close derivatives of the polycyclic naphtacenecarboxamide. 
The site of action of tetracyclines is the bacterial ribosome, but at least two process- 
es appear to be required for these antibiotics to gain access to the ribosomes of 
gram-negative bacteria. The first is passive diffusion through hydrophilic pores in 
the outer cell membrane. The second process involves an energy-dependent active 
transport system that pumps all tetracyclines through the inner cytoplasmic mem- 
brane. Once the tetracyclines gain access to the bacterial cell, they inhibit protein 
synthesis and bind specifically to 30S ribosomes, thus preventing access of aminoa- 
cyl tRNA to the acceptor site on the mRNA-ribosome complex and, thus, the addi- 
tion of amino acids to the growing peptide chain. Tetracycline is effective in vitro 
against H. pylori and is active at low pH. This antibiotic is probably underused in 
anti-H. pylori therapies. 



Who should we treat? 

Following the guidelines of the Maastricht 2-2000 Consensus Report [22], eradica- 
tion is strongly recommended in all patients with peptic ulcers, including those with 
complications, in patients with low-grade MALT lymphoma, in subjects with 
atrophic gastritis and following gastric cancer resection. It is also strongly recom- 
mended in patients who are first degree relatives of patients with gastric cancer. 

Whether patients with functional dyspepsia, patients on chronic NSAIDs thera- 
py or with gastro-oesophageal reflux disease (GERD) should be eradicated is still a 
matter of debate. There is no definite evidence that eradication of H. pylori infec- 
tion has an impact on dyspeptic symptoms [23, 24]. However, it is well known that 
H. pylori- infected subjects with non-ulcer dyspepsia with antral and body gastritis 
are more susceptible to the development of gastric adenocarcinoma compared with 
subjects with peptic ulcer disease who have antral predominant gastritis [15]. There- 
fore, eradication treatment is advisable in patients with non-ulcer dyspepsia, partic- 
ularly if they show a pangastritis at histology. 

An argument against eradication of H. pylori infection in subjects scheduled for 
chronic NSAIDs therapy is that H. pylori protects the gastric mucosa against the 
damaging effect of NSAIDs, due to an increase in cyclo-oxygenase activity and 
prostaglandin production [10, 11]. However, eradication of H. pylori prior to the 



6 




Pharmacotherapy of Helicobacter pylori - associated gastritis 



use of NSAIDs reduces the incidence of peptic ulcers. Also, NSAID-related peptic 
ulcers can be safely and efficiently prevented by the use of PPIs. Therefore, H. pylori 
eradication is advised in patients on chronic NSAIDs. 

It has been shown that curing H. pylori infection may provoke reflux oesophagi- 
tis [25]. Also, it has been suggested that H. pylori infection may enhance the abili- 
ty of PPIs to reduce intragastric acidity, and patients with H. pylori- positive 
oesophagitis heal faster with PPIs than uninfected individuals [25]. Furthermore, 
rebound acid hypersecretion has been observed in H. pylori- negative subjects after 
stopping PPI therapy [26]. There are concerns, therefore, that treatment of H. pylori 
in GERD patients may exacerbate the disease, reduce the ability of PPIs to treat 
symptoms effectively, and promote rebound acid hypersecretion once the drug is dis- 
continued. However, Moayyedi et al. have recently shown that H. pylori eradication 
does not increase relapse rates in GERD patients and that treating H. pylori infec- 
tion does not dramatically impair the efficacy of PPI therapy [27]. Moreover, 
patients with H. pylori infection are at risk of developing gastric mucosal atrophy, 
and a cohort study suggested that long-term PPI therapy for GERD may accelerate 
this process [28]. Therefore, the decision as to whether H. pylori eradication thera- 
py should be offered to infected GERD patients rests on the individual beliefs of 
clinicians about the risk of developing corpus atrophy and intestinal metaplasia dur- 
ing prolonged acid suppression. In the authors’ opinion, H. pylori- infected GERD 
patients should be advised to eradicate their H. pylori infection. 



How should we treat? 

Even with the current most effective treatment regimens, approximately 10-20% of 
patients will fail to obtain eradication of the infection and will remain H. pylori pos- 
itive [29]. As re-treatment is always difficult, choosing the best available first-line 
treatment regimen still represents the best rescue treatment. However, in designing 
a treatment strategy, we should not focus on the results of primary therapy alone. 
An adequate strategy for treating this infection should use two therapies which, if 
employed consecutively, come as close to the 100% cure rate as possible. The choice 
of second-line treatment depends on which treatment was used initially, as re-treat- 
ment with the same regimen is not recommended. If a clarithromycin-based regimen 
was used initially, a metronidazole-based regimen should be used afterwards (in 
combination with PPI, tetracycline and bismuth) and vice versa: prolonging the 
treatment period to 14 days is probably necessary in this case. Because bacterial 
resistance to metronidazole or clarithromycin results primarily from previous treat- 
ment failures, first choice treatment should never combine clarithromycin and 
metronidazole in the same regimen. In fact, even though this combination is highly 
effective, patients who are not cured will have at least single, and usually double, 
resistance [30] and no logical empirical treatment remains afterwards. If an empiri- 
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Table 1 - Recommended therapeutic regimens to eradicate Helicobacter pylori infection 



First line therapy (seven days) 

PPI standard dose b.i.d. or ranitidine bismuth citrate standard dose b.i.d. + 
Clarithromycin 500 mg b.i.d. or Metronidazole 500 mg b.i.d. + 

Amoxicillin 1 g b.i.d. 



Second line therapy (14 days) 
PPI standard dose b.i.d. + 
Metronidazole 500 mg b.i.d. + 
Tetracycline 500 mg q.i.d. + 
Bismuth subcitrate 120 mg q.i.d. 



cal (i.e., non-susceptibility testing-based) treatment is chosen, the performance of 
culture after first eradication failure is not necessary and the assessment of the sen- 
sitivity of H. pylori to antibiotics only after failure of second-line treatment is sug- 
gested in clinical practice. 

First-line therapy should be a PPI- or RBC-based triple therapy using a PPI (stan- 
dard dose bid) or RBC (standard dose bid), combined with clarithromycin (500 mg 
bid) and amoxicillin (1 g bid) or metronidazole (500 mg bid), for a minimum of 
seven days. Second-line therapy should be quadruple therapy with a PPI (standard 
dose bid), bismuth salt (subsalicylate or subcitrate 120 mg qds), metronidazole (500 
mg tid) and tetracycline (500 mg qid) for 14 days. Further failures should be man- 
aged by specialists. 

Table 1 summarizes the recommended therapeutic regimens for eradication of H. 
pylori infection. 

What rescue regimen should we use after failure? Recently, rifabutin-based res- 
cue therapies (PPI standard dose bid, plus amoxicillin 1 g bid, plus rifabutin 300 mg 
daily for seven days) have been shown to constitute an encouraging strategy for 
eradication failures, as they are effective against H. pylori strains resistant to antibi- 
otics, and specifically to clarithromycin or metronidazole [31]. However, rifabutin 
is very expensive, and concerns still remain about the widespread use of this drug, 
because of the possibility of accelerating development of resistance. At present, the 
use of this compound should be restricted to patients who failed to eradicate H. 
pylori infection after more than two eradication treatments. Moreover, a prelimi- 
nary report seems to suggest that a 10-day rescue therapy based on the use of PPI 
at standard dose bid, plus amoxicillin 1 g bid, plus levofloxacyn 250 mg bid, might 
be efficient in eradicating infection in patients who failed to eradicate the infection 
after first-line triple and second-line quadruple therapies [32]. 
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Antimicrobial resistance 

Resistance of H. pylori infection to the limited range of antibiotics effective in its 
treatment can severely influence attempts to eradicate the bacteria. Bacterial resis- 
tance to antimicrobials can be either primary (i.e., existing before therapy) or sec- 
ondary (i.e., developing as the result of failed therapy). Resistance to tetracycline or 
amoxicillin is extremely rare [33, 34]. The issue of resistance primarily concerns 
nitroimidazoles (metronidazole or tinidazole) and macrolides (clarithromycin), and 
represents a significant clinical problem [35-37]. The prevalence of resistance to 
nitroimidazoles varies with gender and ethnic group. Women are more likely to har- 
bour resistant strains than men, and these strains are very common in patients from 
developing countries. The reason is that previous medication with nitroimidazoles 
for pelvic infection or for infectious diarrhoeas leads to rapid emergence of resistant 
bacteria. Metronidazole resistance is probably due to more than one mechanism. 
Also, in vitro resistance to metronidazole does not always predict results in vivo. 
Increasing the dosage of metronidazole administered (e.g., from 1-1.5 g/day) gener- 
ally improves the results of therapy when treating metronidazole-resistant H . pylori 
strains. 

Resistance to clarithromycin is becoming more frequent in some European coun- 
tries where it may be as high as 17% [38, 39]. The mechanism of clarithromycin 
resistance is relatively well understood and involves a substitution of different 
amino acids in the bacterial 23S ribosome so that binding of clarithromycin is 
impaired or prevented. The clinical effect of clarithromycin resistance is essentially 
complete loss of any clarithromycin anti-H. pylori effect (essentially an all-or-none 
phenomena), and outcome of therapy can generally be predicted on the basis of 
what could be expected if only the other antimicrobials in the regimen are used [37]. 

The increasing prevalence of antimicrobial resistance represents the major obsta- 
cle to 100% successful therapy [40]. In fact, the primary resistance to clarithromycin 
or metronidazole is approximately 15% and 25%, respectively [38, 39]. Choosing 
the treatment regimen based on pre-treatment antimicrobial susceptibility testing 
might significantly decrease the number of treatment failures compared to that 
obtained with standard triple therapy. In fact, in a prospective study involving 80 H. 
pylori - infected subjects we showed that an eradication regimen based on the results 
of pre-treatment antimicrobial-susceptibility testing was associated with a higher 
eradication rate and a significantly lower rate of treatment failure in H. pylori- infect- 
ed dyspeptic subjects (Fig. 1) [41]. Comparable results have been obtained by Torac- 
chio et al. [42]. We postulate that because antimicrobial-resistant strains are becom- 
ing increasingly prevalent, therapeutic regimens based on susceptibility testing 
should always be used as first line therapy, especially in areas with high prevalence 
of resistance to clarithromycin and metronidazole [43]. This approach to H . pylori 
infection may decrease the need for re-treatment and prevent the emergence of sec- 
ondary resistance and might, therefore, prove to be cost-effective. 



9 




Marco Romano and Antonio Cuomo 




Figure 1 

H. pylori infection eradication rate in 40 patients treated based on the results of susceptibil- 
ity testing (Testing) and in 40 patients treated with standard triple therapy (no testing). 

PP: per protocol; ITT: intention-to-treat 



Outcome of H. pylori eradication 

A large number of well-controlled studies have shown that successful treatment of 
H. py/on-infected patients with peptic ulcers leads to a long lasting cure. Also, treat- 
ment of H. pylori infection in patients with low grade B-cell MALT lymphoma of 
the stomach leads to improvement, and in many cases cure, of the disease [44]. 

All patients infected with H. pylori have gastritis. Histologically, the typical 
changes are those of an acute or chronic inflammation that may predominantly 
affect the antrum or extend to the whole stomach [45]. Successful treatment of the 
infection leads to disappearance of the acute inflammatory cells, and over 12 
months the chronic inflammatory cells also disappear. The gastric epithelial cells 
regain a columnar morphology and the hyperproliferative state characteristic of the 
disease resolves [46]. Whether gastric atrophy or intestinal metaplasia associated 
with long-term H. pylori infection can improve is still a matter of debate. Impor- 
tantly, a regression of genomic instability markers possibly implicated in gastric car- 
cinogenesis has been shown following successful eradication [47]. Most patients 
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with H. py/on-associated gastritis are asymptomatic and, therefore, successful cure 
of the infection may not lead to noticeable short-term benefit. However, it is prob- 
able that the future likelihood of peptic ulceration is reduced and the predisposition 
to gastric cancer may fall. 

Lymphocytic gastritis and Menetrier’s disease (i.e., giant fold gastritis) are also 
believed to be an unusual response to H. pylori infection [48, 49]. Eradication of the 
infection in some is followed by resolution of lymphocytic gastritis and also Men- 
etrier’s disease seems to respond to treatment. However, due to the low prevalence 
of these conditions no well-controlled studies have been performed to determine 
whether H. pylori eradication leads to symptomatic improvement. 



Future directions 

Therapeutic regimens against H. pylori infection will continue to evolve. What is 
required is a well-tolerated monotherapy specific for H. pylori , and which therefore 
does not induce resistance in other organisms. This possibility may be realized now 
that the genome of H. pylori has been sequenced. However, with no new anti-H. 
pylori antimicrobials expected soon, research efforts will continue to focus on 
improved eradication rates through adjustments in dosing and combinations of 
available medications. In this regard, Zullo et al. have recently reported that five- 
day treatment with rabeprazole 20 mg bid plus amoxicillin 1 g bid followed by five- 
day treatment with rabeprazole 20 mg bid plus tinidazole 500 mg bid plus clar- 
ithromycin 500 mg bid was significantly more effective than standard seven-day reg- 
imen [50]. Also, it has been reported that probiotics might exert a favourable effect 
on H. pylori gastritis and significantly reduce the incidence of side effects related to 
the antimicrobial therapy [51]. In our opinion, given the limited number of effective 
drugs, we should try to optimise their use by treating H. pylori infection as any 
other infection, thus establishing the in vitro sensitivity of the clinical isolates to 
antimicrobials before starting treatment. The major obstacle to this is the invasive- 
ness of endoscopy to obtain gastric mucosal samples to culture and test and, there- 
fore, efforts should be made to obtain sample of gastric mucosa in a less invasive 
manner. 

Development of a vaccine for H. pylori infection has generated great interest in 
the past few years. Although systemic immunization does not induce protective 
immunity against the bacterium, direct mucosal immunization can induce protec- 
tion from infection at the mucosal surface. The difficulty with vaccine development, 
however, is in finding an acceptable mucosal adjuvant to introduce the stimulating 
antigen to the immune system. In fact, cholera toxin, while effective, carries too 
many risks associated with its use. Oral vaccine might be not only prophylactic but 
also therapeutic and, at least in developed countries, might become part of combi- 
nation therapy for H. pylori infection. On the other hand, in developing countries, 
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oral immunization might function as a primary vaccination against infection and 
might play a role in preventing re-infection after successful eradication therapy. 

Development of H. pylori strains with no infectivity may become a reality and 
further knowledge of genomics can help in identifying the virulent strains. Target- 
ing these virulent strains and developing aggressive eradication policies aimed 
specifically at population subgroups may be a way forward. 

Should we treat each individual who tests H. pylori- infected? Should we look for 
H. pylori infection also in asymptomatic subjects who are at risk of infection (e.g., 
relatives of infected patients) and, if they are H. pylori- infected, should we eradicate 
the infection? If we believe that H. pylori is a pathogen that causes severe gastro- 
duodenal damage and may even favour the development of adenocarcinoma of the 
distal stomach, specially in those subjects with non-ulcer dyspepsia, the answer is a 
definite yes. However, the question has recently arisen as to whether H. pylori might 
always be considered as a pathogen [52], In particular, it has been suggested that H. 
pylori has been part of the indigenous gastric biota for ages but is being gradually 
eliminated as a consequence of the changes in modern life [52, 53]. Changes in the 
ecology of human microflora, nutrition, source and multiplicity of H. pylori strains, 
together with the immune response of the host related to acquisition age might 
affect the risk of disease [52]. Therefore, besides looking for more efficient eradica- 
tion strategies, researchers should also try to identify molecular mechanisms and 
novel bacterial factors responsible for the inflammatory and proliferative response 
to H. pylori infection and assess conditions that may turn H. pylori from a com- 
mensal into a pathogen. 
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Introduction 

Inflammatory bowel disease (IBD) is a chronic inflammatory condition of the 
intestinal tract that refers to two morphologically and clinically different entities, 
ulcerative colitis (UC) and Crohn’s disease (CD). CD is transmural granulomatous 
inflammation that can affect practically any part of the digestive tract; terminal 
ileum is the most commonly involved part of the bowel, skip-segment lesions are 
another characteristic distinctive of the disease. Ulcerative colitis is mucosal inflam- 
mation that affects only the large bowel; the inflammatory process always starts in 
the rectum and extends proximally. The course of IBD is a typical one, with remis- 
sions and exacerbations. Both CD and UC complicate quite often; fistulizing CD 
represents a patient population that is particularly difficult to treat. Extra-intestinal 
manifestations of CD and UC are not uncommon, either. IBD is primarily the dis- 
ease of the (young) working populations of well-developed Western countries [1-9], 
with approximately equal distribution between the two sexes. 

The etiology of IBD is still unknown. Consequently, non-specific anti-inflamma- 
tory drugs have been mainstays of IBD treatment. Standard treatment with aminos- 
alicylates, corticosteroids and immunosuppressants may be effective in inducing 
clinical remission in a significant proportion of patients, but it is less successful in 
controlling disease complications and avoiding relapse [10-12]. For mild-to-moder- 
ate CD and UC, aminosalicylates are being used, although the therapeutic margin 
over placebo is relatively slim. In UC, the oral aminosalicylates are effective as long 
as the active therapeutic moiety (5-ASA) is delivered to the site of disease activity 
[13]. Although aminosalicylates are used as maintenance therapy in UC, they are of 
no benefit in preventing relapse in CD. Corticosteroids are generally accepted as the 
gold standard for treatment of moderate-to-severe CD and for the rapid induction 
of remission in active moderate-to-severe UC, against which all other therapies are 
being tested. Still, an adequate course of corticosteroids induces remission in only 



Pharmacotherapy of Gastrointestinal Inflammation, edited by Antonio Guglietta 
© 2004 Birkhauser Verlag Basel/Switzerland 



17 




Marija Veljaca 



60-70% of CD patients and many of these will relapse during tapering of the dose 
[14]. In addition, long-term use of corticosteroids is neither safe nor effective in 
maintaining remission [10, 15-17]. Locally-acting steroids have not significantly 
improved the efficacy rates in maintaining steroid-induced remission. Patients who 
are not responding to steroids, or become steroid-resistant, are treated with 
immunosuppressive drugs: purine analogs azathioprine (AZA) and 6-mercaptop- 
urine (6-MP) [18-20] as well as methotrexate [21-23]. Although these agents are 
highly effective for the maintenance of remission and steroid-sparing, a significant 
delay in the onset of action and significant toxicity are a great limiting factor for 
their use in the management of IBD. Cyclosporine is another potent agent that is, 
given intravenously, rapidly acting in steroid-resistant UC [24-28]; its use, howev- 
er, is limited due to the toxicity profile. In short, IBD cannot be cured by the current 
armamentarium of anti-inflammatory drugs. The prolonged use of corticosteroids 
and immunosuppressants is associated with potentially serious side effects; patients 
in a long run end up having repeated surgeries. All this is associated with a signifi- 
cantly reduced quality of life and IBD meets the criteria of a disease with unmet 
medical need [29]. 

During the last few years, management of refractory IBD has, however, dramat- 
ically changed. Substantial advances in the understanding of the pathogenesis of 
IBD that have occurred over the last two decades, and the tremendous improvement 
in molecular engineering techniques, have led to the targeted pharmacological 
strategies known as “biological” therapy. Today, it is widely accepted that intestinal 
inflammation is associated with immune-mediated mechanisms, which could be 
activated by environmental triggers in a genetically susceptible host [30, 31]. Recent 
identification of mutation of the chromosome 16 NOD2 gene, that increases sus- 
ceptibility to CD [32-34] has probably just started the list of specific genes, which 
could offer a closer look into the underlying causes of CD and UC [35]. Neverthe- 
less, it is a dysregulated mucosal immune system [30] associated with genetic sus- 
ceptibility that is crucial for the development of IBD. Specific molecules of the com- 
plex immune cascade have thus emerged as specific targets for medical intervention 
in IBD [36-40]. This review focuses on such novel therapeutic approaches that have 
recently been approved and/or are currently in advanced stages of clinical develop- 
ment for the treatment of CD and UC (Tab. 1). Included are: pro- and anti-inflam- 
matory cytokines, leukocyte adhesion molecules and growth factors. TNF-a, a 
cytokine that plays a pivotal role in perpetuating the mucosal inflammation, is by 
far the most popular target among IBD developments. Although the further devel- 
opment of recombinant preparations of the anti-inflammatory cytokines interleukin 
(IL)-10 for UC and IL-11 for CD has been abandoned due to the lack of effective- 
ness in Phase III trials, anti IL-2, anti-IFN-y, as well as IFN-a, IFN-|3-la and colony 
stimulating factors, granulocyte colony-stimulating factor (G-CSF) and granulocyte 
macrophage colony-stimulating factor (GM-CSF), the usage of which is based on 
the cytokine approach, warrant further controlled clinical testing. Novel therapeu- 
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Table 1 - Novel IBD therapies: last reported development phase 


Drug 


Company 


Current phase 






Crohn's disease 


Ulcerative colitis 


Cytokine inhibitors 








Anti-TNF treatments 








Infliximab (anti-TNF-a 


Centocor Inc, Schering 


Launched 1998 


Phase ll/lll 


antibody (Remicade)) 


Plough, Tanabe Seiyaku Co Ltd 






CDP-571 (Humicade) 


Celltech Group 


Phase III 


Phase II 


CDP-870 


Celltech Group/ 


Phase II 






Pharmacia Corp 






Etanercept (Enbrel) 


Immunex Corp 


Discont. (Phase II) 




Onercept (TBP-1) 


Serono SA 


Phase II 




RDP58 


SangStat 


Phase II 


Phase II 


Thalidomide 


Cellgene Corp 


Phase II 




Daclizumab (anti-IL-2 


Protein Design Labs Inc/ 






receptor antibodies (Zenapax) 


Hoffmann-La Roche 


Phase II 




Anti-IFN-y antibody 


Protein Design Labs Inc 


Phase II 




Cytokines as medicines 








IL-10 (ilodecakin) 
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tic approaches presented here are not necessarily restricted to biological therapies; 
they also include old drugs: growth hormone, thalidomide and heparin, also shown 
to be beneficial for CD and UC patients. 



Cytokines 

Cytokine inhibitors 

Anti-tumor necrosis factor alpha (TNF-a) treatments 

TNF-a plays a pivotal role in the amplification of mucosal inflammation, a process 
that is central to the pathogenesis of IBD [41, 42]. Increased levels of TNF-a have 
been found in gut mucosa of both CD and UC patients [43-47]. Despite the scepti- 
cism that preceded initial attempts to use a single molecule in inflammatory condi- 
tion as complex as IBD, successful use of TNF-a monoclonal antibody infliximab in 
CD proved this was feasible. Besides infliximab, few other therapeutic approaches 
have been used to generate anti-TNF-a compounds. These are now in various phas- 
es of clinical development for CD and UC and include monoclonal antibodies CDP- 
571 (Humicade) and CDP-870, the fusion protein, etanercept, and human soluble 
5PP TNF-receptor, TNF-binding protein- 1 (TBP-1, onercept). In addition, the 
RDP58 peptide, as well as the old drug thalidomide, which both target TNF-a, have 
also been used in the treatment of IBD. 



Infliximab 

Infliximab (Remicade) is the first drug specifically designed for the treatment of CD 
to appear on the market in the last 30 years. Initially known as cA2, this chimeric 
IgGl monoclonal antibody, that comprises 75% human and 25% murine 
sequences, was approved by the US FDA and marketed in 1998 for the treatment of 
fistulizing CD and CD refractory to conventional therapy. Since then, some 200,000 
CD patients have been treated with infliximab worldwide. Infliximab was also 
approved for the treatment of rheumatoid arthritis (RA). 

Initial clinical trials with a single infusion of infliximab (5, 10 or 20 mg/kg) had 
already shown supreme efficacy in obtaining clinical remission in uncomplicated 
CD [48-51] as well as fistula closure (5 and 10 mg/kg infusion repeated at weeks 
two and 6) in fistulizing CD [52]. The rate of clinical remissions obtained with sin- 
gle infliximab infusions was 48 to 89% [48-49], compared to 17% in the placebo- 
treated group [49]. The rapid clinical response to infliximab is accompanied by sig- 
nificant endoscopic and histological improvements [48-51, 53]. Only a few years 
after its initial introduction to CD therapy, infliximab is becoming the first-line drug 
for rapid healing of enterocutaneous fistulas. In a study reported by Present et al., 
68% of infliximab (5 mg/kg) -treated patients showed superficial closure of at least 
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50% of all draining fistulas, compared to 26% in the placebo-treated group. Fur- 
thermore, complete fistula closure was observed in 55% and 38% of patients on 
infliximab treatment (5 and 10 mg/kg regimens, respectively) compared to 13% in 
the placebo-treated group [52]. 

Since the effect of infliximab is limited in duration, lasting approximately two to 
three months in the majority of patients, the maintenance of remission was assessed 
in a multicenter, controlled study of repeated infliximab infusions [54] and in 
ACCENT I and ACCENT II trials. In the study reported by Rutgeerts et al., [54], 
that was conducted in 73 patients with four repeated infliximab (10 mg/kg) infu- 
sions every eight weeks (starting at week 12 after the initial infliximab infusion), 
infliximab re-treatment resulted in a longer maintenance duration (47 weeks medi- 
an time, compared to 37 weeks in repeated placebo infusions) and in increased clin- 
ical remission compared to the decrease in the placebo group. 

The largest trial ever conducted in CD patients, an international ACCENT I (A 
Crohn’s disease Clinical trial Evaluating infliximab in a New long-term Treatment 
regimen), involved 573 patients with moderate-to-severe disease, lasting 54 weeks 
with the similarly long follow-up [55]. The objective of the trial was to evaluate the: 

1) Maintenance effect of repeated infliximab infusions (5 and 10 mg/kg) given 
every eight weeks, compared to a single infliximab infusion; 

2) Steroid-sparing effect of infliximab re-treatment; 

3) Mucosal healing effect of infliximab re-treatment at weeks 10 and 54, and; 

4) Safety of infliximab re-treatment. 

The patients that responded to the initial 5 mg/kg infliximab dose (335; 58%) were 
randomized for either: 

a) Placebo treatment at two and six weeks followed by placebo maintenance every 
eight weeks, or 5 mg/kg infliximab at two and six weeks followed by; 

b) 5 mg/kg infliximab maintenance, or; 

c) 10 mg/kg infliximab maintenance every eight weeks. 

Interim analysis performed at week 30 as well as final analysis at week 54 revealed 
that maintenance therapy with infliximab, 10 and 5 mg/kg every eight weeks, was 
superior to a single 5 mg/kg dose, with respect to clinical response, remission rate 
and steroid sparing; 10 mg/kg infliximab maintenance regimen being superior to 
5 mg/kg maintenance regimen. At week 54, clinical response (defined as a decrease 
in Crohn’s disease activity index (CDAI) of >70 points) in 10 and 5 mg/kg inflix- 
imab maintenance treatment was 43% and 53% respectively, compared to 17% 
obtained in a single 5 mg/kg infliximab treatment; the respective median times to 
loss of response were >54, 38 and 19 weeks. Clinical remission (defined as CDAI< 
150) was achieved in 38% and 28% patients on 10 and 5 mg/kg infliximab main- 
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tenance treatment and in 14% patients on a single 5 mg/kg infliximab treatment. In 
addition, successful tapering off of steroids was achieved in respective 32%, 28% 
and 9% of patients [54]. Infliximab maintenance treatment has also improved the 
quality of mucosal healing [56] as well as health-related quality of life [57-59]. 

A similar ACCENT II trial evaluated the ability of infliximab to induce and 
maintain remission of fistula closure in fistulizing CD patients [60, 61]. This multi- 
center, double-blind, placebo-controlled study is the largest trial ever conducted in 
CD patients with single or multiple enterocutaneous fistulas, draining for at least 
three months. A three-dose induction regimen of infliximab (5 mg/kg at weeks 0, 2 
and 6) followed by placebo every eight weeks was compared to the induction regi- 
men followed by 5 mg infliximab infusion every eight weeks, starting at week 14 
and continuing to week 46. The primary endpoint of the study was loss of the fis- 
tula response through week 54. Out of 282 patients 69% achieved fistula response 
to three-dose induction infliximab regimen at week 14. Through week 54, 5 mg/kg 
infliximab maintenance therapy every eight weeks was superior to three-dose induc- 
tion followed by placebo maintenance. The median time to loss of fistula response 
was 14 weeks on placebo-maintenance; it was not achieved on infliximab mainte- 
nance (>40 weeks). It was also superior in terms of complete fistula response for a 
longer period of time as well as in change in CDAI and IBD quality of life ques- 
tionnaire. 

Clinical experience with infliximab in UC patients is limited to a few published 
studies [62]. Sands et al., reported on the first controlled study that was premature- 
ly terminated due to difficulty with patient enrolment [63]. Data obtained from 11 
(out of 60 planned) patients with severe, active, steroid-refractory disease showed 
treatment efficacy at two weeks in four of eight patients (single i.v. treatment with 
5, 10 or 20 mg/kg of infliximab) compared with none in three patients on placebo. 
Preliminary data from the second study was reported for 16 patients with severely 
active refractory disease, seven of whom were to undergo colectomy [64]. Single or 
repeated (six patients) infliximab (5 mg/kg) infusions resulted in clinical, endoscop- 
ic and histological improvement in 88% of patients, with almost complete with- 
drawal of concomitant corticosteroid therapy, and maintenance of clinical remission 
for at least four months. Surgery was avoided in six of the seven candidates. The 
same author reported on eight refractory UC patients that were successfully treated 
with a single 5 mg/kg infliximab infusion, all experiencing clinical, endoscopical and 
histological improvement [65]. In a paper published by Sue and colleagues [66] the 
effect of single or repeated infliximab treatment in 27 UC patients from four differ- 
ent institutions has been analyzed in order to determine infliximab’s efficacy and to 
examine factors predictive of infliximab response. Preliminary evidence of inflix- 
imab’s effectiveness in UC patients was confirmed, including medically refractory 
disease. Nine patients did not respond to infliximab treatment. Of 18 responders 
nine experienced 19 relapses, of which 18 were successfully treated with additional 
infliximab infusion. The conclusion has also been made that patients refractory to 
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steroid therapy are less likely to respond to infliximab. Somewhat disappointing 
results were presented at the last Digestive Disease Week (San Francisco, 2002) [67]. 
Proberts et al., have reported on a placebo-controlled trial with 42 steroid-refracto- 
ry UC patients. Two 5 mg/kg i.v. infliximab infusions given in a two-week interval 
were not better than placebo in achieving remission at week six (3/22 versus 1/20, 
respectively). Additional open-label infusion of 10 mg/kg given to non-responders 
at week six was not better than placebo either (3/10 versus 1/9, respectively) two 
weeks later [67]. In order to determine effectiveness of infliximab in UC, adequate- 
ly powered placebo-controlled trials should be conducted [68]. 

Most patients tolerate infliximab infusions well. The most commonly reported 
side effects include headache, nausea, upper respiratory tract infections, fatigue and 
diarrhoea. In ACCENT I and ACCENT II trials, these occur in 20-30% of patients 
studied [55, 60, 61]. In the two review articles on infliximab safety, acute infusion 
reactions were reported to occur in up to 16% of patients, but they were generally 
mild and easily managed [69, 70]. Delayed-type hypersensitivity reaction character- 
ized by fever, rash, myalgia, polyarthralgia and leukocytosis, occurred three to 12 
days after infliximab infusion in 25 % of patients of the open-label study, two to four 
years after the initial infliximab treatment [69]. However, the results of the two 
infliximab maintenance studies, as well as a recently presented Belgian survey on 
799 CD and RA patients on infliximab treatment, have revealed much lower occur- 
rences of acute infusion reactions and delayed-type hypersensitivity reactions: up to 
3.3% and 1.8% patients fulfilled the respective criteria [55, 60, 61, 71]. During clin- 
ical trials with infliximab, up to 36% of patients were reported to develop human 
anti-chimeric antibodies (HACA) [69, 72-74]. In a recently completed study, Rut- 
geerts et al., have reported this rate was much higher: 61% of 125 patients repeat- 
edly treated with infliximab [75]. Although their clinical importance is still not 
determined, it is possible that HACA could be responsible for the lack of efficacy or 
loss of initial response to infliximab in certain patients [74-76]. Furthermore, acute 
infusion reactions occurred more often in HACA-positive patients [55, 69, 74, 76, 
77]; the risk of developing acute infusion reactions being 2.4 times higher in patients 
with high HACA levels [75]. Concurrent immunosuppression or preventive i.v. 
hydrocortisone significantly reduced HACA formation [74-77], suggesting this 
could increase the duration of clinical response and reduce the risk of acute infusion 
reactions development [55, 75]. The development of auto-antibodies, anti-nuclear 
antibody (ANA) and anti-double-stranded DNA (dsDNA) has also occurred follow- 
ing infliximab therapy [72]. Whether these antibodies are responsible for, or predic- 
tive of, the poor clinical response to infliximab remains to be determined [37, 72]. 



CDP-571 

CDP-571 (Humicade), a more fully humanized anti-TNF-a IgG 4 chimeric mono- 
clonal antibody, comprising 95% human and 5% murine sequences [78], was 
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reported to be beneficial in several studies with CD patients. In a controlled study 
with 31 mild-to-severely active refractory CD patients, single CDP-571 infusion (5 
mg/kg) significantly reduced CDAI at two weeks [79]. In a second placebo-con- 
trolled study with moderate-to-severe CD patients a 45% remission rate (defined as 
CDAI decrease ^ 70 points) was reported with single CDP-571 infusions (10 and 20 
mg/kg), compared to 27% in the placebo-treated group, at week two [80]. In order 
to test the maintenance effect of CDP-571, the 169 patients of the same study sub- 
sequently received repeated 10 mg/kg infusions of CDP-571 or placebo at 8- or 12- 
week intervals from initial CDP-571 doses. At week 24, only a trend toward greater 
clinical remission was obtained with repeated CDP-571 doses. Also, the trend 
toward fistula closure was observed in 37 patients that had fistulizing disease [80]. 
The steroid-sparing effect of CDP-571 was demonstrated in another controlled 
study, which included 71 CD patients [81]. A total of 44% of patients initially treat- 
ed with CDP-571 (20 mg/kg) and then retreated with 10 mg/kg at week eight 
remained in remission and without steroid treatment at week 40, compared to 22% 
of placebo-treated patients. 

The clinical experience with CDP-571 in UC is limited to one open-label study. 
The data obtained in 15 patients with mild-to-moderately active UC suggested a sin- 
gle CDP-571 infusion (5 mg/kg) was beneficial in UC, as measured by the decrease 
in the disease activity measurement that included clinical signs, symptoms and sig- 
moidoscopy findings, at weeks two and four [82]. 

CDP-571 infusions are well tolerated. The most frequent side effects observed 
are headache, infections and infusion reactions (12%) [80]. No cases of delayed- 
type hypersensitivity reactions were reported in patients on CDP-571 treatment [36, 
80-82]. CDP-571 is in international Phase III clinical trials for the treatment of 
steroid-dependent CD, to confirm that it permits the safe steroid withdrawal, an 
indication for which the US FDA has granted fast-track designation. A large Phase 
III trial was underway to confirm the effectiveness of CDP-571 in active CD. 

It still remains to be determined whether the difference in murine content 
between chimeric and humanized monoclonal antibodies, infliximab and CDP-571, 
is of clinical significance with regard to their immunogenicity potential. Although 
each antibody binds to both soluble and membrane-bound TNF-a, CDP-571 (based 
on a single allotype IgG 4 template) does not bind or activate complement and is 
potentially less immunogenic. Anti-CDP-571 antibodies occur less frequently (7% 
of patients in a repeated dosing study) [80], than in infliximab-treated patients. New 
anti-nuclear and anti-DNA antibodies also seldom occurred (5.3% of patients in 
repeated dosing study) [80]. Given the potential role that FI AC A have in unrespon- 
siveness to infliximab treatment [74-76], the smaller rate of HACA formation could 
offer advantage to CDP-571 treatment, particularly in the light of maintenance ther- 
apy requirements [83]. Still, in order to determine a favorable efficacy and safety 
profile, more data on CDP-571 and a clinical trial directly comparing the two drugs 
would be required [80]. 
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CDP-870 

CDP-870 is a second-generation anti-TNF-a humanized antibody. CDP-870 is pro- 
duced in E. coli and then coupled to a polyethylene glycol (PEG) carrier to prolong 
its half-life in patients. An international Phase II study with CDP-870 (three 400 mg 
s.c. injections over three months) was completed in 2002 in 292 CD patients and 
the results are pending [38, 84]. 



Etanercept 

Etanercept (Enbrel) is a recombinant human dimeric fusion protein consisting of 
p75 TNF receptor and the Fc portion of IgGl [85, 86], approved for the treatment 
of RA in 1998. The pilot study undertaken with etanercept (25 mg s.c. twice-week- 
ly for 12 weeks) in 10 moderate-to-severe CD patients had revealed a 70% response 
rate (CDAI reduction > 70) and 40% remission rate (CDAI < 150) at week two [87]. 
In a study that followed, however, Sandborn et al., observed that a s.c. dose of 25 
mg twice-weekly over eight weeks was not effective in moderate-to-severe CD 
patients (9 and 20% remission rates at week four as well as 13 and 25% at week 
eight, in etanercept- and placebo-treated patients, respectively) [88]. Consequently, 
the further development in this indication was abandoned [86]. Since the 25 mg 
dose is being successfully used in RA, it was speculated that etanercept’s inefficacy 
in the later study was probably due to the fact that its activity is largely mediated 
through binding and neutralizing of soluble TNF-a rather than through direct cyto- 
toxic effect [89]. Although etanercept, like two other marketed TNF-a inhibitors, 
infliximab and CDP-870, binds both soluble and membrane-bound TNF-a, it seems 
that ineffectiveness of etanercept and superior efficacy of infliximab in CD could be 
attributed to infliximab’s binding of substantial transmembrane TNF-a and consec- 
utive apoptosis of monocytes and activated T lymphocytes [90]. Infliximab, an IgGj 
isotype, destroys TNF-a producing cells through complement fixation and anti- 
body-dependent cell-mediated toxicity; etanercept and CDP-571 lack this cytotoxic 
activity [89]. 



On lymphoma development in patients on anti-TNF therapy 

Although initial concerns regarding the immunogenic and immunosuppressive 
potential of anti-TNF therapies have been eased over time, prolonged clinical expe- 
rience with these drugs has brought our attention to the potential association with 
lymphoma and serious infections including tuberculosis [91]. Several cases of lym- 
phoma have been reported to occur in different patients on infliximab treatment, 
including two cases in CD patients [92]. Given the small number of cases in post- 
marketing surveillance, it was concluded that the risk of lymphoma development 
during infliximab treatment of CD is probably comparable to that in the general 
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population [36] but long-term data were required to establish the potential for 
other side effects [93]. A recently published article has addressed the role of anti- 
TNF therapies in lymphoma development [94]. Twenty-six cases of lymphomas 
were identified in RA or psoriatic arthritis patients receiving etanercept (18) and 
eight in RA and CD patients receiving infliximab (five and three, respectively) by 
analyzing FDA’s MedWatch post-marketing surveillance system between May 
1999 and December 2000. Non-Hodgkin lymphoma accounted for 81% cases; 
development of lymphoma occurred very shortly after initiation of anti-TNF ther- 
apy. Three out of eight lymphomas occurred in infliximab-treated CD patients. By 
September 2002, before this paper was published, an additional 68 cases of lym- 
phoma appeared in the same system, 54 (29 infliximab, 25 etanercept) of whom 
were judged to be probably- and 14 (10 infliximab, 4 etanercept) possibly-related 
to anti-TNF therapy. Although a clear cause-effect relationship between anti-TNF 
therapy and risk of lymphoma development could not be established, immuno- 
suppressive effects of these two drugs and the known excess of lymphoma in 
immunosuppressed patients as well as predisposition of RA and CD patients for 
lymphoma development give base for concern and call for proper and formal epi- 
demiological studies. In addition, since two of the initial 26 patients have had a 
previous history of lymphoma and received anti-TNF therapy while the lymphoma 
was in remission, following which lymphoma very quickly reoccurred leading to 
death, it was recommended that these patients should be qualified ineligible for 
treatment with infliximab or etanercept. Furthermore, based on the two cases of 
lymphoma regression following withdrawal of anti-TNF therapy in the same case 
serial, it was also recommended that if lymphoma develops during anti-TNF ther- 
apy, this complication could be treated by withdrawing the anti-TNF medication, 
and initiating the cytotoxic chemotherapy if clinical condition permits. To follow 
on this, no cases of lymphoma were reported in patients on CDP-571 treatment 
[36, 80-82]. 



Onercept 

Another approach that allows TNF-a inhibition without immunogenicity is the use 
of a naturally occurring human TNF receptor. Recently, the activity of one such 
compound, recombinant human soluble 5pp TNF receptor, onercept (TBP-1), was 
tested in an open-label trial comprising 12 patients with active CD [95]. Treatment 
with onercept (11.7 or 50 mg/kg s.c.) three times a week for two weeks resulted in 
seven patients responding to treatment (CDAI decrease of 100 points) and five 
patients achieving remission (CDAI decrease of 150 points). Improvement was sus- 
tained for two-to-four months. Onercept was well tolerated; no patients developed 
antibodies to onercept during the course of the study and at the end of follow-up. 
A large, placebo-controlled study is underway to determine the efficacy of this com- 
pound in inducing remission in CD patients [38]. 
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RDP58 

RDP58 (rationally designed peptide) is a locally active TNF-a inhibitor. It is a 10- 
amino acid peptide (consisting of nine D-amino acids and glycine) that was devel- 
oped by computer-aided rational design using artificial intelligence [96]. RDP58 
blocks the p38 and JNK map kinase pathways; protective activity against intestinal 
damage in mouse [97, 98] and primate models [99] of colitis was accompanied by 
inhibition of TNF-a, IFN-y and IL-12 synthesis. Just prior completion of this paper, 
preliminary results were announced on two placebo-controlled Phase II studies 
recently completed in 231 UC and CD patients [100]. In both studies RDP58 was 
administered orally, 100, 200 or 300 mg/kg a day over 28 days. Although no sig- 
nificant improvement was seen in the CD study, at the end of the treatment period 
UC patients on 200 and 300 mg/kg RDP58 doses significantly improved. Response 
rates, defined as improvement of simple clinical colitis activity index (SCCAI, initial 
scores being 4-9) of four scores, was achieved in 77% and 72% of patients, respec- 
tively, and compared to 44% obtained in the placebo treated group. Respective 
remission rates (remission defined as SCCAI of ^ 3) were 71% and 72% compared 
to 40% obtained in the placebo group. Given the oral route of administration and 
the activity on TNF-a inhibition at the signalling pathway level, this encouraging 
data should be further explored. 



Thalidomide 

Another compound that targets TNF-a and is being developed for the treatment of 
CD is thalidomide. Thalidomide is a small molecule originally introduced to the 
market as a sedative and best known for the unfortunate epidemics of birth defects, 
the reasons for abandonment in 1961. Thalidomide inhibits TNF-a synthesis 
through enhanced degradation of TNF mRNA, a mechanism different from anti- 
TNF-a antibodies; it also inhibits IL-12 [41, 101]. Based on two published case 
reports in which thalidomide use was beneficial for refractory CD [102, 103] two 
open-label studies were conducted in active refractory and steroid-dependant CD 
patients [104, 105]. In the study by Vasiliauskas et al., 12 patients were treated with 
the daily oral dose of 50 or 100 mg/kg thalidomide for 12 weeks. At week four, the 
overall response (CDAI decrease of s> 100 points) rate was 58%; remission was 
achieved in two patients (17%). At the end of the treatment period, the observed 
clinical improvement was generally maintained in patients that continued the treat- 
ment, all nine completed patients achieved 50% tapering off of steroid-dose; two 
patients on 5 mg/kg dose achieved remission (CDAI decrease of ^ 100 points; CDAI 
score < 150 and 50% tapering off of steroid-dose) [105]. In the study by Ehrenpreis 
at al., 18 and four steroid-refractory CD patients were enrolled for daily oral admin- 
istration of 200 or 300 mg/kg thalidomide, respectively, over 12-week periods. 
Twelve (75%) of 16 patients that completed four- week treatment were responders, 
four (25%) achieved clinical remission. All 14 patients completing 12-week treat- 
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ment responded and nine (75%) achieved remission. Remission was achieved in six 
patients with fistulizing disease [4]. Thalidomide treatment was accompanied with 
sedation, peripheral neuropathy, oedema, constipation and seborrhoea, side effects 
that required lowering of the dose and caused patient withdrawal. During 2002, 
several studies were published exploring the open-label use of thalidomide in refrac- 
tory IBD. Similar efficacy rates were obtained following daily treatments with 100, 
200 or 300 mg/kg of thalidomide for 12 weeks or longer [101, 106-108]. At 12- 
weeks, all seven completed IBD patients in Bauditz’s study responded to treatment, 
with four patients achieving remission [101]. Side effects occurred with the same fre- 
quency. Based on the above, it seems that thalidomide could be effective agent to 
obtain remission in refractory CD and further controlled studies are warranted. 
Given the known toxicity profile as well as its teratogenic activity which will most 
likely restrict the use of thalidomide to men and women of non-childbearing poten- 
tial only, the modifications of thalidomide molecule that would minimize potential 
toxicity while keeping anti-TNF-a activities could be expected [109]. 



Anti-IL-2 receptor antibodies 

Monoclonal antibodies against the a-chain of an IL-2 receptor is an emerging ther- 
apy in transplantation and autoimmune diseases. Daclizumab (Zenapax), a mono- 
clonal humanized anti-IL-2 receptor (CD25) antibody has been tested in an open- 
label pilot study with 10 refractory UC patients. Daclizumab was administered as 
two 1 mg/kg i.v. infusions over a four-week period. At week eight, clinical and endo- 
scopic improvement was achieved: a drop in clinical activity score from median 
eight at baseline to 3.5 (95% confidence interval (Cl) = 7.2-9.2 and 1.4-4. 9, respec- 
tively), and a significant drop in endoscopic score from median 8.0 at baseline to 
5.0 (95% Cl = 6. 3-8. 5 and 2. 6-6. 3, respectively). A trend toward histological 
improvement was seen at week eight. Daclizumab treatment was well tolerated; 
nausea was most frequently reported AE, observed always in patients on concomi- 
tant azathioprine treatment [110]. 



Anti-IFN-y monoclonal antibody 

HuZAF, humanized anti-IFN-y monoclonal antibody, has been tested in a Phase I/II 
double-blind, placebo-controlled study in 28 moderate-to-severe active CD [111]. 
Single i.v. infusion of 0.1, 1 and 4 mg/kg HuZAF was well-tolerated. Significant 
improvement in clinical remission (86% versus 50% in placebo-treated patients) 
and response rate (71% versus 33% in placebo-treated patients) at four weeks was 
obtained with 4 mg/kg dose. It is interesting to note that treatment with recombi- 
nant IFN-y did not, however, result in exacerbation of CD [112, 113]. 
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Cytokines as medicines 
IL-10 

IL-10, a naturally-occurring, anti-inflammatory Th2 response cytokine that down 
regulates several important activities of Thl -cells and macrophages, has been iden- 
tified as a potential therapy for CD, a prototypic Thl-mediated disorder [114]. This 
therapeutic approach was encouraged by the results of preclinical studies with IL- 
10 knockout mice, as well as results with recombinant human IL-10 (rhIL-10, ilode- 
cakin; Schering-Plough Corp.) administered as an enema during initial clinical stud- 
ies in three steroid-refractory UC patients and in steroid-refractory CD patients 
[114, 115]. Although the effect of ilodecakin in the latter study was not dose-relat- 
ed (0.5, 1, 5 or 25 pg/kg i.v. once-daily for seven days), overall remission was 
achieved in 46% of the treated patients, compared to 23% in the placebo group 

[115] . In the controlled studies that followed, the efficacy of repeated s.c. adminis- 
tration of ilodecakin was, however, not impressive. After 28 daily injections of ilode- 
cakin (1, 4, 8 or 20 pg/kg s.c.) to mild-to-moderately active CD patients, clinical 
remission (29.4% compared to none reported in the placebo group) and endoscop- 
ic improvement were achieved only in the 5 pg/kg group [116]. In another study 
with a similar dosing schedule, conducted in 329 chronic active steroid-refractory 
CD patients, no difference in remission rate was observed between placebo and 
treatment groups [117]. Both studies also addressed the safety issue. In the study 
reported by Fedorak et al., adverse events were mild and generally well tolerated 

[116] and in the study reported by Schreiber et al., dose-related reversible decrease 
in haemoglobin and platelet counts commonly occurred [117]. No production of 
antibodies to ilodecakin was detected during treatment and follow-up. 

Recently, a large Phase III study was completed in CD patients in order to assess 
tolerability and the steroid-sparing effect of ilodecakin, with similarly disappointing 
results [118]. Although ilodecakin was proven safe, there was no difference in 
steroid withdrawal and clinical remission rates between 373 patients treated either 
with ilodecakin (4 or 8 pg/kg) or placebo. Although there are several possible expla- 
nations for this lack of efficacy, one being that higher concentrations of ilodecakin 
appear to induce the expression of pro-inflammatory cytokines [119], clinical data 
do not support the use of this agent in CD [36, 120]. 



IL-11 

Another cytokine, rhIL-11 (oprelvekin), has been launched for the prevention of severe 
thrombocytopenia following cancer chemotherapy. Since the anti-inflammatory prop- 
erties of IL-11 (down regulation of macrophage function by inhibiting the expression 
on pro-inflammatory cytokines IL-1 and TNF-a) may be relevant for IBD, like its pro- 
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tective activity in rat model of colitis [121, 122], this cytokine was also explored as a 
potential treatment of CD. Treatment with rhIL-11 (5, 16 or 40 pg/kg s.c.) five or two 
times a week for three weeks was beneficial in a muticenter, controlled dose-finding 
study in 76 active CD patients. Although a clear dose-response was not observed, 33 
and 17% remission rates were achieved in patients on 16 pg/kg dose, five and two 
times weekly regimes, respectively, compared to none in the placebo group [123]. The 
study also demonstrated that short-term treatment with low doses of oprelvekin (the 
dose levels were lower and the dosing schedule less intensive than those used for 
platelet support) was safe with regard to its thrombopoietic activity. Additionally, anti- 
body formation to rhIL-11 did not occur. In a larger placebo-controlled Phase III clin- 
ical trial, 148 active CD patients not receiving prednisone were s.c. treated with 15 
pg/kg of oprelvekin once weekly or 7 pg/kg twice weekly. Patients treated with single 
15 pg/kg weekly dose achieved significantly higher remission rates compared to place- 
bo [124]. The further development in this indication was stopped based on the 
unfavourable interim analysis results of additional Phase III clinical trials [38]. 



IFN-a 

Recombinant IFN-a is being used in the treatment of chronic hepatitis B and C, 
melanoma and HIV-related Kaposi’s sarcoma. Several uncontrolled studies have been 
performed with IFN-a-2a and IFNa-2b in UC and CD patients. In an open-label 
study conducted by Sumer, 23 (82%) of 28 UC patients responded to s.c. IFN-a-2a 
treatment within the first two weeks, reaching complete clinical and endoscopical 
remission within six months of therapy. Three of five initial non-responders achieved 
late remission after prolonged IFN-a-2a treatment. Twenty six patients (93%) 
remained in full remission for more than two years [125]. An open-label study by 
Madsen was conducted in 26 UC patients in order to compare the effectiveness of 
IFN-a-2a treatment and prednisolone enemas [126]. While prednisolone enemas were 
effective in reduction of Powel Tuck Index only, treatment with IFN-a-2a resulted in 
a significant decrease of Powell-Tuck index, IBDQ and rectal histological scores. A 
German study reported slow but continual improvement in 12 of 16 CD (8) and UC 
(4) patients that were treated with IFNa-2a [127]. Uncontrolled IFNa-2a studies per- 
formed in CD patients reported up to a 50% response rate [128, 129]. Two open- 
label studies conducted in respective five and 12 CD patients reported improvement 
in two and four patients, respectively following treatment with IFNa-2b [130, 131]. 



IFN-(3-1a 

Nikolaus et al. reported the results of a controlled Phase II study with rhIFN-p-la 
(Rebif), in which 18 patients were enrolled. Patients with moderately active UC 
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received either s.c. injections of placebo or IFN-|3-la (22, 44 and 88 pig) three times 
a week, in an intra-individual dose-escalating pattern [132]. Clinical response was 
observed in 5/10 patients of rhIFN-(3-la group, compared to 1/7 (14%) in the place- 
bo group. Furthermore, remission occurred in 30% of the treated patients, com- 
pared to none in the placebo group. The results of a recently completed large Phase 
lib trial in CD patients are pending [38]. 



Colony-stimulating factors 

GM-CSF and G-CSF stimulate the anti-microbial functions of neutrophils and 
macrophages. The beneficial effect of GM-CSF and G-CSF was observed in patients 
with CD associated with lb glycogen storage disease [133] and cyclic neutropenia 
(G-CSF) [134], as well as in one patient with fistulizing CD (G-CSF) [135]. This, 
together with the working hypothesis that one of the initiating events in the patho- 
genesis of CD might be the deficiencies in neutrophil and/or macrophage function, 
rather than excessive T-cell activation [136], has led to pilot clinical trials with these 
two drugs. Preliminary reports on two open-label studies suggested beneficial effect 
of G-CSF (filgrastim) treatment in both mucosal and fistulizing CD [137] as well as 
in the prevention of post-operative endoscopic recurrence of CD [138]. Another 
study has been reported on 11 patients with active CD that were treated s.c. with 
rhuGM-CSF (sargramostim), (6 or 8 ^ig/day) for eight weeks [139]. The treatment 
was well tolerated and resulted in a decrease in CDAI> 100 in nine patients, with 
six patients achieving remission. Further clinical trials are needed to assess if mod- 
ulation of innate immune system by GM-CSF and G-CSF offers an alternative for 
the treatment of CD. Noteworthy, a Phase II trial with rhuGM-CSF is ongoing in 
CD patients [38]. 



Anti-adhesion molecules 

Anti-adhesion molecules are targeted against monocyte and lymphocyte recruitment 
to the damaged intestinal mucosa and represent a new class of drugs that are being 
developed for the treatment of IBD. Included are: monoclonal antibodies against 
a 4 |3 and a 4 |3 7 integrins, natalizumab and LDP-02, respectively. Integrins are in the 
family of leukocyte surface membrane proteins that mediate leukocyte migration 
from the systemic circulation and the adhesion to vascular endothelium at the sites 
of inflammation. The interaction of a 4 |3 7 integrin with its principal ligand mucosal 
addressing cell adhesion molecule-1 (MadCAM-1) is thought to mediate selective 
homing of lymphocytes to the gut-associated lymphoid tissue [140]. Thus, inhibi- 
tion of a 4 integrins as potential IBD therapy is targeted against monocyte and lym- 
phocyte recruitment to the damaged intestinal mucosa. 
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Natalizumab 

Natalizumab (Antegren), the first recombinant humanized monoclonal antibody to 
a 4 integrin, possesses activity against both a 4 |3j and a 4 |3 7 integrins, and inhibits the 
interaction with their respective endothelial ligands vascular cellular adhesion mol- 
ecule (VCAM)-l and MadCAM-1. Natalizumab was shown to be beneficial in cot- 
ton-top tamarin model of spontaneous colitis. It is being developed for CD and mul- 
tiple sclerosis. So far, two placebo-controlled studies have been conducted with 
natalizumab in CD patients. In the first smaller study, conducted in the UK, 18 
patients received a single 3 mg/kg infusion of natalizumab. At week two, remission 
(CDAI score <150) was achieved in 39% compared to 8% of 12 placebo treated 
patients [141]. A second large Phase II study was recently completed in 248 patients 
with moderate-to-severe CD. Natalizumab was administered either as a single 3 mg/ 
kg infusion or as two 3 mg/kg or two 6 mg/kg infusions given four weeks apart. At 
six weeks, significant improvement over placebo was achieved with two doses of 
3 mg/kg: 44 versus 28% remission rate (CDAI scores 150) as well as 71 versus 
38% response rate (drop in CDAI by 70). Natalizumab was well tolerated: infusion 
reactions occurred in 2% of patients; other adverse events reported: arthralgia, col- 
itis, flu-like syndrome, headache, and nausea, did not differ from placebo treated 
group [142]. Antibodies to natalizumab developed in overall of 15 patients from 
both trials; in five patients they were idiopathic [143]. Based on these encouraging 
results the two companies have initiated a large Phase III clinical study with CD 
patients designed not only to determine remission but maintenance of remission as 
well [38, 143]. 

Experience with natalizumab in UC patients is limited to one open-label study 
conducted in 10 active UC patients [144]. Single 3 mg/kg natalizumab infusion was 
beneficial as seen through significant reduction of Powell-Tuck score from baseline 
10 to 7.5 and 6 at weeks two and four post-infusion, respectively. Five patients 
achieved good clinical response at week two and one additional patient by week 
four. By week eight, rescue medication was required in eight patients. One patient 
remained in remission at 12 weeks. Single natalizumab infusion was well tolerated. 
This beneficial effect of natalizumab in UC patients should be explored in a con- 
trolled trial. 



LDP-02 

LDP-02 is a humanized chimeric monoclonal antibody to a 4 |3 7 integrin. It differs 
from natalizumab in the specific blocking of a 4 |3 7 -MadCAM-l interaction only 

[145] . A murine analog of LDP-02 was effective in eliminating diarrhoea and reduc- 
ing chronic colonic inflammation in spontaneously colitic cotton-top tamarins 

[146] . Feagan et al. reported on a small Phase I/II dose-escalating study with LDP- 
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02 in 28 moderately severe UC patients [147]. Although LDP-02 (0.15 mg/kg s.c. or 
0.15, 0.5 or 2 mg/kg i.v.) was well tolerated and no infusion reactions were noted, 
no significant clinical benefit was observed at 30 days. An improvement in endo- 
scopic score of >2 was observed in 5/20 (25%) of LDP-02 patients compared to 2/8 
(25%) in placebo-treated patients. It is tempting to speculate if the lack of efficacy 
in this study could be attributed to specific blocking of a 4 (3 7 -MadCAM-l interac- 
tion, the difference to significant effect of natalizumab in CD patients. Given the 
small number of patients in the LDP-02 study and the different patient populations, 
more convincing evidence of LDP-02 efficacy in both UC and CD and any compar- 
ison at all between the two anti-adhesion compounds should be awaited from the 
currently ongoing [37, 38, 143] Phase II trials. 

With the successful completion of a natalizumab large Phase II clinical trial in 
CD patients, anti-adhesion approach is being proved as another likely successful 
biological treatment of CD. Still, in light of the negative outcome of two oligosense 
ISIS-2302 Phase III clinical trials, in order to establish a true benefit of the new bio- 
logical principle, it would be interesting to test the efficacy of natalizumab in 
patients that do not respond to anti-TNF therapy, and also to combine these two 
strategies [143]. 



Peptide growth factors 

Peptide growth factors (PGFs), a group of hormone-like polypeptides that share the 
ability to regulate cell proliferation and differentiation, have been indicated as 
potentially useful in the treatment of several gastrointestinal disorders, including 
IBD [148]. Since in IBD the integrity of intestinal mucosa is compromised, and the 
healing of intestinal epithelium is accomplished through cell migration, proliferation 
and differentiation, PGFs of EGF and fibroblast growth factor (FGF) families have 
been indicated as potential endogenous factors for the reparation of damaged 
intestinal epithelium [148, 149]. The beneficial activity of EGF and keratinocyte 
growth factor-2 (KGF-2), in preclinical models of IBD [150-152], is also being 
exploited in the treatment of UC and CD. 



EGF 

Two years ago a pilot study was reported on the use of EGF in active left-side UC 
[153]. Two-week daily self-administration of EGF (5 \ig) enemas resulted in signifi- 
cant improvements in clinical, endoscopic and histological scores at two and four 
weeks. Of the 11 treated patients, nine achieved remission at two weeks, compared 
to 1/12 placebo-treated patients. EGF has also been tested in clinical trials of ocular 
wound healing [151]. 
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KGF-2 

KGF-2 (Repifermin) of the FGF family of growth factors (FGF-10) was identified 
from the Fluman Genome Sciences database as a homolog to KGF-1 (FGF-7). In 
dextran sulfate sodium-induced colitis in mice, daily treatment with KGF-2 (1, 5 or 
10 mg/kg i.p.) decreased weight loss, diarrhoea and myeloperoxidase activity, which 
was accompanied with a significant reduction of inflammation as assessed histolog- 
ically [151, 152]. It was also beneficial in promoting the healing of small intestinal 
ulceration in rats [154]. Based on these data and the promising results of toxicity 
testing, a Phase II dose-finding clinical trial was conducted in 88 active UC patients 
on concomitant therapy with aminosalicylates, corticosteroids or purine analogs 
[155]. Five consecutive daily i.v. infusions with 1, 5, 10, 25 or 50 pg/kg of KGF-2 
were well-tolerated, however, not effective in obtaining either clinical remission (19, 
9, 0, 0, 0%, respectively compared to 11% placebo-group remission rate), or clini- 
cal response (46, 18, 33, 42, 29%, respectively compared to 36% placebo-group 
response rate) at four weeks [155]. KGF-2 is also being evaluated in chemotherapy- 
induced mucositis [151]. 

Although controlled clinical studies are needed for the determination of efficacy 
of peptide growth factors in IBD, these initial studies may be important for the 
development of wound healing and tissue repair agents. 



Miscellaneous therapies 

Growth hormone 

Another old-new drug, growth hormone (GH), previously used to treat growth fail- 
ure in individual paediatric CD patients as well as for the rehabilitation of patients 
with short-gut syndrome, was tested in 37 patients with moderate-to-severe CD, in 
combination with a high protein diet. The rationale for this controlled study was 
alteration of the catabolic state associated with chronic inflammation [156]. After 
four months of self-administrations of GH, 5 mg/day s.c. first week followed by a 
maintenance dose of 1.5 mg/day, a significant reduction in mean CDAI was noted 
in the GH-treated group (143 points, compared to 19 in the placebo-treated group). 
This beneficial effect of GH was not mediated by insulin-like growth factor (IGF)-l 
[156], it could rather be explained through the decrease in epithelial permeability, 
GH-induced promotion of healing [157] and immunomodulatory activities of GH 
[158]. 

The very promising results with GH in CD have generated intense public inter- 
est, and have raised expectations among the gastrointestinal community [159-160]. 
Whether possible side effects related to high doses of GH could be problematic in 
the long-term and whether GH will be efficacious in inducing remission in CD 
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remains to be tested in larger study. A multicenter, controlled trial with GH was 
undertaken in CD patients [37]. 



Protease inhibitors 

High levels of proteolytic activity observed in involved regions of colonic wall in UC 
patients are thought to be tissue damaging. Thus, protease inhibitors are being test- 
ed as potential treatment for active UC. 



BBIC 

Recently, Lichtenstein has reported a placebo-controlled study with Bowman-Birk 
protease inhibitor (BBI) concentrate, BBIC, in 23 active UC patients [161]. BBI is 
derived from a naturally occurring soybean protein and is a reversible inhibitor of 
serine proteases (elastase, cathepsin G, mast cell chymase, and trypsin) with chy- 
motrypsin-like specificity. BBIC is BBI concentrate manufactured to reduce the 
trypsin inhibitory activity without affecting the chymotrypsin inhibitory activity. 
BBIC was shown to be beneficial in rodent models of colitis [162, 163]. In this study 
it was administered as four 100-CI Unit tablets twice daily. Patients were evaluated 
every two weeks. At three months, 64% of patients (7/11) who received the BBIC 
demonstrated significant clinical response versus 33% (4/12) of patients in the 
placebo group; 45% (5/11) of patients on BBIC were induced into remission versus 
8% on placebo. Based on these results a larger controller trial is warranted [161]. 



Heparin 

The use of heparin, a group of sulphated glycosaminoglycans, in the treatment of 
UC is based on the initial observation that severe steroid-resistant UC patients who 
were treated with heparin for a deep vein thrombosis, a common complication of 
IBD, achieved remission [164, 165]. It seems though that anti-inflammatory and 
immunomodulatory properties of heparin, distinct from its traditional anti-coagu- 
lant activity, are responsible for this beneficial effect [166-168]. Besides in vitro 
inhibition of neutrophil elastase and IL-8 [169] low-molecular weight heparin 
(LMWH) and unfractionated heparin were beneficial in rat models of colitis [170], 
the activity that could be mediated through potentiation of the peptide growth fac- 
tors necessary for mucosal regeneration and reparation [167, 171]. Additional 
uncontrolled trials have reported remission rates of 54% and 75% in steroid-refrac- 
tory UC patients (7/13 and 12/16, respectively) by week four of treatment with the 
standard anticoagulant dose [172, 173]. Unlike beneficial activity as adjuvant UC 
therapy, administration of unfractionated heparin as a single agent has given mixed 
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results. In a study including 17 UC and three CD patients, intravenous administra- 
tion of heparin for five days followed by s.c. administration for five weeks was 
equally beneficial to high-dose hydrocortisone i.v. (five days) followed by oral treat- 
ment, in terms of clinical and histological scores [174]. However, in a randomized 
study with 25 moderate or severe UC patients, 69% of methylprednisolone treated 
patients achieved remission at day 10 and none of 12 patients that were on contin- 
uous infusion of heparin [175]. 

Low-molecular weight heparin, LMWH, is supposed to be safer and easier to 
administer. Weekly s.c. administration of 5 mg enoxaparin for 12 weeks in combi- 
nation with mesalazine to 10 UC patients in Dotan’s open-label study has resulted 
in a significant decrease in mean Mayo score (9.0 ± 0.94 versus 3.4 ± 2.0) and 
IBDQL score [176]. Clinical response was also seen in 20 out of 25 active, steroid- 
refractory UC patients on twice-daily s.c. administration of LMWH, for eight weeks 
[177]. A Chinese group has reported on 19 out of 20 steroid-refractory UC patients 
achieving remission following oral LMWH treatment [178]. Torkvist et al., report- 
ed on 11 out of 12 steroid-refractory/dependent UC patients that responded to twice 
daily s.c. treatment with 5000 IU LMWH, lasting 12 weeks, six of whom achieved 
complete remission [179]. The same authors have also reported on the only place- 
bo-controlled trial conducted with heparin, with somewhat disappointing results, 
however. LMWH, given at the same dose and in the same manner, for eight weeks 
to 20 steroid-refractory/dependent mild-to-moderate UC patients on concomitant 
sulphasalazine, mesalazine or steroid treatment did not achieve significant improve- 
ment compared to 21 placebo-treated patients [180]. To summarize, controlled tri- 
als are needed to confirm if immunomodulatory and anti-inflammatory properties 
of heparin could be useful in the treatment of UC. 

The following compounds are also in early phases of clinical testing in IBD 
patients: cM-T412 and MAX.16H5, anti-CD40 antibodies, Tanox Pharma’s anti- 
CD40 monoclonal antibody 5D12, Abbott’s humanized anti-IL-12 Mab J695 devel- 
oped by Cambridge Antibody Technology (Phase II dose-finding study in CD), 
Chugai’s humanized anti-IL-6R mAb (CD), and PL 14736, PLIVA’s synthetic pep- 
tide that was shown to be beneficial in rat models of colitis (placebo-controlled 
Phase II study in mild-to-moderate UC). 



Conclusion 

Pharmacological treatment of IBD patients remains challenging [181]. Repeated 
administration of infliximab, a TNF-a inhibitor and the drug already established for 
induction of remission in refractory and fistulizing CD, has proven to be effective in 
remission maintenance. Still, the number of CD patients that do not respond to 
infliximab is considerable. Will these patients benefit from the use of other com- 
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pounds that target TNF-a, like CDP-571, or anti-adhesion molecules, a therapeutic 
principle in its own right, based on the encouraging results with natalizumab we will 
hopefully learn in the near future. The results are also awaited from the clinical tri- 
als designed to test the efficacy of INF-(3-la, INF-a and anti-INF-y. As in the case of 
infliximab, the questions should also be answered on the timing of such therapeutic 
interventions and also on combination treatments with immunosuppressive drugs 
and the combination treatments of novel therapies. Unlike CD, at the moment there 
is much less evidence about efficacy of novel therapies in the treatment of UC. The 
failure of IL-10 and the lack of efficacy of KGF-2 in recently completed placebo- 
controlled study should not discourage controlled clinical trials with EGF, protease 
inhibitors, anti-adhesion molecules or TNF-a inhibitors. The old-new drugs, growth 
hormone, G-CSF and GM-CSF, thalidomide, heparin, have all shown to be benefi- 
cial in open-label studies could be useful in the treatment of IBD. For that, con- 
trolled clinical trials are needed. Finally, recent identification of NOD2 gene muta- 
tion occurring in considerable portion of CD patients has indicated a new thera- 
peutic target whose manipulation, technically difficult but feasible, could be disease 
modifying. 
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Introduction 

Among the different types of viral infections affecting the liver, hepatitis B virus 
(HBV), hepatitis C virus (HCV) and hepatitis delta virus (HDV) represent the major 
pathogens currently shown to cause chronic hepatitis. This condition implies per- 
sistence of viral infection and secondary inflammation for more than six months 
after initial exposure. Autoimmune hepatitis is a self-perpetuating hepatocellular 
inflammation characterized by specific histologic lesions and liver-associated auto- 
antibodies. Alcoholic hepatitis is a frequent condition in the Western world, due to 
excessive alcohol consumption and progressing to cirrhosis, especially in subjects 
who continue to abuse ethanol. This chapter focuses on current therapeutic options 
and novel strategies for the treatment of these conditions. 



Chronic hepatitis B 

Chronic hepatitis B (CHB) is a chronic necroinflammatory disease of the liver 
caused by persistent infection with hepatitis B virus (HBV), a double stranded DNA 
virus of the hepadnavirus family (Fig. 1). It occurs in less than 10% of adults acute- 
ly infected with HBV; it is most frequent in immunocompromised subjects and in 
infants and children under five years. HBV transmission occurs mainly through 
exposure to infected blood including injection drug use, blood transfusion, solid 
organ transplantation from infected donors, work-related duties, occupational 
exposure to infected blood, birth to an infected mother and high risk sexual behav- 
ior. Serologic tests for the diagnosis of hepatitis B are shown in Table 1. 

CHB can be subdivided into HBeAg-positive and HBeAg-negative CHB. Diag- 
nostic criteria include presence of HBsAg in blood for at least six months, serum 
HBV DNA level over 10 5 copies/ml, persistent or intermittent elevation in alanine 
and/or aspartate aminotransferase (ALT/AST) levels, liver biopsy showing chronic 
hepatitis [1]. 
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pre S2 




Figure 1 

Schematic representation of the HBV genome 

The S gene, including the pre SI and pre 52 regions, encodes the viral surface antigen 
(HBsAg). The P gene encodes the DNA polymerase (or reverse transcriptase). The C gene, 
including the pre C and C regions, encodes the core or nucleocapsid polypeptide. The X gene 
encodes the X polypeptide. 



The natural history of CHB is determined by the persistence of viral replication 
and by the host immune responses to infected hepatocytes. Following HBV entry 
into the hepatocyte and uncoating, the viral genome is converted to a covalently 
closed circular DNA (cccDNA) inside the nucleus. The cccDNA serves as a template 
for transcription to messenger RNA (mRNA), followed by reverse transcription to 
DNA, synthesis of viral proteins and assembly into new complete viruses. Therefore, 
the cccDNA plays a key role in the maintenance of CHB, which is the result of the 
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Table 1 - Serologic tests for the diagnosis of hepatitis B 



Hepatitis B surface antigen (HBsAg) 
Hepatitis B surface antibodies (HBsAb) 
Hepatitis B core antibodies IgM 
(HBcAb IgM) 

Hepatitis B core antibodies IgG 
(HBcAb IgG) 

Hepatitis B e antigen (HBeAg) 
Hepatitis B e antibodies (HBeAb) 



HBV DNA 



Indicator of the presence of HBV 
Indicator of recovery or immunity to HBV 
Indicator of acute HBV infection 

Indicator of prior or present infection 

Secretory protein detectable in blood during 
HBV replication (marker of infectivity) 

It may indicate: 

recovery from HBV acute or chronic infection 
chronic HBV infection in low or non-replicative 
state 

pre-core mutant HBV infection 
Indicator of viral replication 



interactions between a non-cytopathic virus, the immune system of the host and 
hepatocytes, and is responsible of the reappearance of serum HBV-DNA after ces- 
sation of current antiviral therapies. Viral peptides are loaded on host cell major his- 
tocompatibility complex (MHC) Class I molecules and are transported to the cell 
surface. Thus, HBV-specific CD8 cytotoxic T lymphocytes (CTLs) are able to rec- 
ognize and destroy infected cells. In addition, CTLs also produce tumor necrosis fac- 
tor (TNF)-a and interferon (IFN)-y that suppress HBV gene expression and replica- 
tion. CTL-mediated immune response against HBV antigens is responsible for 
hepatitic flares, which characterize the natural history of CHB. Clearance of circu- 
lating HBeAg and HBV DNA with appearance of HBeAb may eventually follow a 
hepatitic flare. Reactivation due to HBeAg reversion or evolution of pre-core 
mutant HBV may also occur. Possible sequelae of CHB include cirrhosis, liver fail- 
ure and hepatocellular carcinoma (HCC). The primary goal of treatment is there- 
fore to eliminate HBV or to suppress its replication before there is irreversible liver 
damage. The surrogate end-points are sustained clearance of serum HBeAg and 
HBV DNA with seroconversion to HBeAb, and improvement in liver disease as 
determined by normalization in serum ALT level and reduction of necroinflamma- 
tion on liver biopsies [2]. Approaches to therapy include modification of the host 
defenses against infection and inhibition of viral replication by two classes of ther- 
apeutic agents (immunomodulators and HBV DNA polymerase inhibitors) (Tab. 2). 
The only drugs currently approved by the Food and Drug Administration (FDA) for 
the treatment of CHB are IFN-a2b, lamivudine and adefovir dipivoxil. Many other 
immunomodulatory and/or antiviral agents are under investigation. 
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Table 2 - Therapies for the treatment of chronic hepatitis B 



Immunomodulating agents 


Antiviral agents 


Interferons 


Lamivudine 


Corticosteroids 


Adefovir dipivoxil 


Thymosin al 


Ganciclovir 


Therapeutic vaccination 


Famciclovir 


Human monoclonal antibodies 


Lobucavir 


IL-2 


Emtricitabine 


IL-12 


Entecavir 


Adoptive transfer of immunity 


Tenofovir 


Others 


Gene therapy 


Clevudine 

L-deoxythymidine 



Current therapies 

Interferons are cytokines with immunomodulatory, anti-proliferative and antiviral 
properties produced by host cells in response to viral infection. There are three main 
types of IFN: IFN-a, produced by monocytes and B lymphocytes, IFN-|3, produced 
by fibroblasts, and IFN-y, produced by T lymphocytes and natural killer (NK) cells. 
IFN-a and IFN-(3 have major antiviral and anti-proliferative activity and less effi- 
cient immunomodulatory effects than IFN-y. IFN-a has been shown to be effective 
in augmenting the host immune response and suppressing HBV replication. More 
than 20 different subtypes of IFN-a have been identified. IFN-a exerts its effects by 
binding to specific receptors on the cell surface. This binding initiates signals that 
are transmitted to the nucleus, where gene transcription is activated [3]. Liver injury 
is caused by the host immune response. Patients responding to IFN-a treatment 
have a rapid increase in ALT levels during the second or third month of therapy. 
This increase probably depends on immunomodulatory properties of IFN-a and is 
associated with seroconversion from HBeAg to HBeAb. IFN-a exhibits various 
immunoregulatory effects, including activation of monocytes and macrophages, 
induction of HLA Class I Ag expression on infected hepatocytes, increased NK cell 
and CTL activity. IFN-a preferentially stimulates CD4 T helper type 1 (Thl) cell 
responses, resulting in increased synthesis of interleukin (IL)-2 and IFN-y, and 
increased CTL activity. As regards its antiviral effects, IFN-a releases proteins, such 
as 2’,5’-oligoadenylate synthetase, which activates viral ribonuclease to inhibit virus 
replication through viral mRNA degradation. In addition, it inhibits HBV entry into 
hepatocytes, uncoating, as well as mRNA translation and assembly [2, 3]. IFN-a 
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also has an anti-fibrogenic effect [4], that may decrease the progression to fibrosis 
and cirrhosis, and anti-proliferative activity, which may prevent the development of 
HCC [3]. 

Treatment with IFN-a2b, given at the dose of 5 million units (MU) subcuta- 
neously daily or 10 MU three times a week for 16 weeks in HBeAg-positive patients, 
is associated with normalization of ALT level, loss of HBeAg and HBV DNA, and 
histologic improvement in approximately one-third of cases. Loss of HBsAg can 
occur in nearly 10% of patients [5, 6]. Patients with lower ALT levels or higher 
HBV DNA levels and immunosuppressed patients tend to have an unfavorable out- 
come to IFN therapy. HBeAg-negative patients may respond during IFN therapy but 
often relapse after the end of therapy. Prolonged treatment (until 12 months) with 
IFN in HBeAg-negative patients and re-treatment in both HBeAg-positive and neg- 
ative non-responders may increase HBeAg and/or HBV DNA clearance. 

Because of IFN’s short half-life, serum drug concentrations fluctuate between 
administrations, allowing replication of HBV and possible development of resis- 
tance. From this point of view, the use of pegylated IFNs represents a true progress 
in treatment outcome. Pegylation is the process whereby an inert molecule of poly- 
ethylene glycol is covalently attached to a protein - namely IFN - causing an effec- 
tive increase in serum half-life. Pegylation also results in steadier drug concentra- 
tions, decreased frequency of administration (once a week) and prevention of viral 
rebound between administrations. Preliminary studies show a more rapid and pro- 
found reduction in serum HBeAg and HBV DNA levels in patients with CHB treat- 
ed with pegylated IFN-a2a versus standard IFN [2, 7]. 

Frequent side effects of IFN include flu-like symptoms, fatigue, anorexia, nausea, 
weight loss, hair loss, emotional instability, depression, thrombocytopenia and gran- 
ulocytopenia. Induction of auto-antibodies with enhancement of autoimmune dis- 
ease, acute psychiatric dysfunction and thyroid dysfunction are less frequent. In 
patients with moderate-severe cirrhosis the risk of infections and hepatic decom- 
pensation is high [7]. 

Lamivudine is a di-deoxynucleoside reverse transcriptase inhibitor, which is con- 
verted intracellularly to its active metabolite, b-L-3TC-triphosphate. This metabo- 
lite competes with deoxycytosine triphosphate for incorporation into DNA during 
replication, causing chain termination. Therefore, lamivudine inhibits replication of 
the virus and reduces the viral load. It seems also able to enhance T-cell responses 
[8]. Treatment with lamivudine, administered orally at the dose of 100 mg daily for 
one year, causes loss of HBeAg and HBV DNA with seroconversion to HBeAb in 
less than 20% of HBeAg-positive patients with high ALT levels. Histologic improve- 
ment is observed in approximately one-half of cases. Seroconversion rates increase 
with increasing duration of treatment to 27% and 47% after two and four years, 
respectively. Lamivudine is also effective in HBeAg-negative patients and in reduc- 
ing risk of HBV reinfection in liver transplantation [1]. Lamivudine is well tolerat- 
ed and symptoms such as cefalea, malaise, fatigue, nausea and vomiting rarely 
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occur. It is safe in patients with decompensated cirrhosis, but dosage adjustment is 
needed for patients with renal insufficiency [8]. 

Lamivudine therapy may cause the emergence of a mutant, drug-resistant strain 
of HBV, usually within nine months of treatment. This strain has a mutation in a 
nucleoside binding site designated the YMDD motif, a domain of RNA-dependent 
DNA polymerase. The mutation rate correlates with the duration of treatment 
(38% after two years, 66% after four years), and is more pronounced than the 
response rate. As the mutant strain replicates, HBV DNA reappears in blood and 
ALT levels increase. These effects seem less evident in patients who continue lamivu- 
dine therapy, probably due to suppressive action of the drug on the wild-type (non- 
mutant) virus and impaired replication capacity of the mutant [1]. Instead, recent 
studies show that clinical outcomes after cessation of lamivudine therapy are better 
than that on continuing therapy, and that combination therapy with IFN and 
lamivudine seems effective in avoiding the emergence of drug resistance. Moreover, 
combination therapy, evaluated in preliminary studies, seems to result in better sero- 
conversion rate compared to IFN or lamivudine alone, with adverse effects similar 
to those seen with IFN monotherapy [2]. 

Adefovir dipivoxil (ADV) is the oral pro-drug of an acyclic monophosphate ana- 
logue (9-(2-phosphonylmethyl)-adenine, PMEA). It is hydrolyzed to adefovir, which 
in turn is phosphorylated to the active adefovir diphosphate moiety. The latter com- 
petitively inhibits deoxyadenosine triphosphate as a substrate for reverse transcrip- 
tase and/or causes chain termination when incorporated into the growing DNA 
chain. In addition, ADV has immunomodulatory effects: in fact, it significantly 
enhances NK cell activity and IFN-a/|3 production. It has in vitro and in vivo activ- 
ity against wild-type, pre-core mutant, and lamivudine-resistant HBV [9], and does 
not lead to the emergence of resistant virus after therapy [10]. ADV has been 
approved recently by the FDA for the treatment of patients with CHB. Approval 
was based on the results of two studies, showing histologic improvement in more 
than 50% of patients after one year of treatment [11]. Dosage is 10-30 mg once 
daily. Gastrointestinal disturbances, elevated hepatic enzyme levels, renal dysfunc- 
tion and reductions in serum free carnitine levels are the observed adverse events [9], 



Other immunomodulating agents 

Corticosteroids suppress immune response and enhance HBV replication. Because 
of these properties, corticosteroids are absolutely contraindicated when used alone, 
but may be useful in sequential combination therapy with IFN or lamivudine. They 
are not currently used in continual practice, because their benefit is not yet con- 
vincingly demonstrated and risk of hepatic decompensation in patients with cirrho- 
sis is high [1, 7]. Thymosin al, a synthetic 28 amino acid nonglycosylated peptide 
derivative of a purified thymosin fraction of thymus gland extracts, promotes T-cell 
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maturation, stimulates CTL and NK cell activity, and induces IFN and IL produc- 
tion by lymphocytes and expression of lymphocytes IL-2 receptor. Moreover, it may 
inhibit viral replication. It is promising, since it appears able to suppress HBV repli- 
cation without serious side effects [12]. Therapeutic vaccines are an attempt to over- 
come the immune tolerance to HBV that allows chronic HBV infection. Several 
approaches are being considered in this respect: S and pre-S antigen vaccines, vacci- 
nation with plasmides that contain HBV surface gene, T-cell vaccines [7]. One 
approach is a vaccine (CY-1899) that incorporates a HBV core peptide, a T-cell epi- 
tope and 2 palmitic acid molecules. CY-1899 induces HBV-specific CTLs, but has 
poor antiviral effects [13]. It was recently shown that human monoclonal antibod- 
ies, directed against different epitopes of HBsAg, bind HBV particles and reduce 
serum HBV DNA and HBsAg levels. Therefore, they could be combined with other 
drugs that are currently used to treat HBV carriers [14]. IL-2 has been reported to 
enhance NK cells, induce lymphokine-activated cells and stimulate TNF-a and IFN- 
a/y production in patients with CHB, but a double-blind, randomized controlled 
study has not confirmed previous results [15]. IL-12 plays an important role in cel- 
lular immune responses towards elimination of intracellular pathogens, but it does 
not seem to be advantageous over current therapies [16]. Adoptive transfer of 
immunity might be another immunomodulating approach to therapy, deriving from 
the observation that bone marrow transplantation from donors who had been 
immunized with hepatitis B vaccine or had been HBsAb and HBcAb positive can 
induce production of HBsAb in recipients through adoptive immune transfer [7]. 
Gene therapy provides a different new approach to therapy, but is still experimen- 
tal. Such therapy is based on the observation that transcription and translation of 
HBV DNA and HBV RNA can be prevented by antisense oligodeoxynucleotides 
and ribozymes that are complementary to the DNA or RNA templates [17]. 



Other nucleoside analogues 

Ganciclovir is effective in decreasing serum HBV DNA levels in patients with CHB, 
as well as in preventing recurrent post-transplant hepatitis B. However, lack of sus- 
tained antiviral effect and myelotoxicity may limit its use in the treatment of CHB. 
Famciclovir, a pro-drug of penciclovir, does not offer significant advantages over 
lamivudine or ADV and is associated with the emergence of drug-resistant muta- 
tions with prolonged administration. Lobucavir is well tolerated and effective in 
decreasing serum HBV DNA levels, but it has been withdrawn from clinical trials 
because of proneoplastic properties. Emtricitabine is structurally similar to lamivu- 
dine. It exhibits similar potency as an inhibitor of HBV replication as lamivudine in 
patients with CHB. Like lamivudine, it is associated with a selection of mutants [7]. 
Entecavir, a promising cyclopentyl guanosine analogue, is up to 30 times more 
potent than lamivudine in reducing HBV replication in vitro. It is effective in reduc- 
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ing HBV DNA also in patients developing resistance to lamivudine [7, 18]. Teno- 
fovir is another acyclic nucleoside analogue reverse transcriptase inhibitor related to 
adefovir. It is incorporated directly into a DNA chain, thereby causing premature 
termination of the viral DNA chain. Like entecavir, it exerts antiviral activity against 
both wild-type HBV and lamivudine-resistant HBV variants in in vitro studies [19]. 
A small pilot short-term study demonstrated the significant effect of tenofovir in 
suppressing lamivudine-resistant HBV replication [20]. Clevudine, a pyrimidine 
nucleoside analogue, is a potent in vitro and in vivo inhibitor of HBV replication, 
but its efficacy against YMDD mutant of HBV is not yet clear [7, 18]. Finally, L- 
deoxythymidine, which is converted into active triphosphate metabolites with long 
half-lives, is actually under clinical investigation [18]. 



Chronic hepatitis D 

Hepatitis delta virus (HDV) is a satellite virus, which depends on HBV for the pro- 
duction of envelope proteins. HDV infection is actually rare. The risk of progression 
to cirrhosis, hepatic decompensation, and HCC is higher than that with chronic 
HBV infection alone. The only drug that has been found to be beneficial in treating 
chronic hepatitis D is IFN-a at high doses (9 MU three times a week), although sus- 
tained control of HDV replication and disease activity is rarely achieved. Lamivu- 
dine, famciclovir, acyclovir, ribavirin, and synthetic analogues of thymosin have 
been shown to be ineffective in inhibiting HDV replication [1, 21]. A combination 
therapy with IFN-a and lamivudine has shown beneficial effects, but further stud- 
ies are needed [22]. 



Chronic hepatitis C 

Hepatitis C virus (HCV) is a major cause of chronic hepatitis and hepatic fibrosis 
that progresses in some patients to cirrhosis and HCC. Modalities of HCV trans- 
mission are similar to those described for HBV infection, although sexual exposure 
is rare. Management of hepatitis C is aimed at achieving eradication of the virus in 
order to delay progression to cirrhosis and prevent the development of HCC. HCV 
is an RNA virus of the Flaviviridae family. There are six HCV genotypes and more 
than 50 subtypes. Genotype 1 is associated with a lower rate of response to treat- 
ment. Pretreatment assessment of liver function by means of quantitative liver func- 
tion tests does not help identify patients likely to respond to treatment [23]. The 
lack of a strong immune response and the high propensity of the virus to mutate 
seem responsible for a high rate of chronic infection. Moreover, NK cell cytotoxic- 
ity is markedly reduced in chronic HCV infection. Such impairment is independent 
of viral and host characteristics, except age, and does not help predict the outcome 
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of conventional therapy [24]. Chronic HCV infection can be defined as persistence 
of the virus in the blood for more than six months and accounts for 60% to 85% 
of HCV-infected people. The most important consequences of chronic HCV infec- 
tion are progressive liver fibrosis leading to cirrhosis (10-15% after 20 years of 
infection), end-stage liver disease, and HCC. Host factors, including older age at 
time of infection, male gender, and an immunosuppressed state significantly increase 
the risk of progression of the disease. Concomitant chronic hepatitis B, iron over- 
load and alcohol intake also appear to affect the risk of progressive liver disease. 
Nowadays, chronic HCV infection also represents the primary reason for liver 
transplantation, at least in the United States, where it accounts for an estimated one- 
third of HCC cases. A number of studies also suggest that treatment with IFN and 
ribavirin may reduce the risk of developing HCC. 



Therapy of chronic hepatitis C 

The beneficial effect of IFN-a in the treatment of hepatitis C was first reported in 
1986. About ten years later, a Consensus panel recommended a course of IFN-a at 
a dose of 3 MU three times a week for one year as the optimal therapy. The rate of 
sustained virological response (SVR), however, was rather disappointing, ranging 
between 12% and 16%. The addition of ribavirin to this regimen significantly 
improved response rates to the range of 35% to 45%. Recently, the use of pegylat- 
ed IFNs have further improved the success rates, with up to 50-60% of patients 
being likely to experience a SVR with combination therapy using peginterferon and 
ribavirin. Two forms of peginterferon have been developed and are currently avail- 
able: peginterferon a-2b and peginterferon a-2a. Both have the advantage of being 
administrated parenterally once-a-week without severe side effects associated with 
their long plasma half-life. Peginterferon a-2a was subsequently evaluated in fixed 
dosages of 45 to 180 pg weekly; peginterferon a-2b in a weight-based dosage of 0.5 
to 1.5 pg/kg weekly. 

Ribavirin is a purine nucleoside analogue that is actively transported into cells 
where is metabolized to active mono- (RMP), di- (RDP), and tri-phosphate (RTP). 
Like IFN, ribavirin exerts an antiviral activity and immunomodulatory and anti- 
proliferative effects. Several mechanisms of action may explain the antiviral activi- 
ty of ribavirin [25] (Fig. 2): 

1) RMP appears to indirectly inhibit viral replication by depleting intracellular 
guanosine pools via inhibition of inosine 5 '-monophosphate dehydrogenase 
(IMPDH), a rate-limiting enzyme involved in de novo synthesis of guanosine 
triphosphate (GTP); 

2) RTP inhibits viral RNA dependent RNA polymerase, thus directly blocking 
HCV replication; 
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Figure 2 

Possible mechanisms of action of ribavirin 

(1) Inhibition of host IMPDH. (2) Inhibition of HCV RdRp. (3) Production of defective HCV 
particles. (4) Enhancement of host antiviral immunity. See text for explanation. 
Abbreviations: CTL, cytotoxic T lymphocyte; GMP, guanosine monophosphate; GTP, guano- 
sine triphosphate; IMP, inosine monophosphate; IMPDH , inosine monophosphate dehydro- 
genase; RMP, ribavirin monophosphate; RDP, ribavirin diphosphate; RTP, ribavirin triphos- 
phate; RdRp, RNA dependent RNA polymerase; Thl, helper CD4 T-cell with phenotype Thl; 
Th2, helper CD4 T-cell with phenotype Th2. 



3) RTP may act as an RNA mutagen to introduce mutations in the RNA genome 
with resultant defective HCV particles. 

Ribavirin can also mediate immunomodulation by altering the balance between T- 
cell activity in favor of T-helper type-1 (Thl) responses. Activated Thl cells release 
IL-2, IFN-y and TNF-a that in turn activate CTLs, recruit NK cells and macro- 
phages, and induce non-lytic elimination of virus infected cells (Fig. 2). 

Two major studies have examined the efficacy of pegylated IFN-a (2b or 2a) plus 
ribavirin in the treatment of chronic HCV infection [26, 27], Overall, pegylated IFN 
plus ribavirin was more effective than standard IFN-ribavirin combination or pegy- 
lated IFN alone. SVR rates were similar with both forms of the drug when used in 
combination with ribavirin. Factors associated with successful therapy included 
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Table 3 - Novel drugs for the treatment of hepatitis C 


Drug category 


Agent 


Remarks 


Interferons 


Oral interferon 


Oral absorption of IFN 




Albuferon 


Attempt to improve pharmacokinetics 


Nucleoside analogues 


Levovirin 

Viramidine 


Ribavirin-like drugs causing less hemolysis 


IMPDH inhibitors 


VX-497 


Specific inhibitor, no hemolysis, further trials 
with IFNs in progress 




Mycophenolate 


Ongoing evaluation of efficacy combined 




mofetil 


with IFN 


Antivirals 


Amantadine 


Controversial results of clinical trials 


Immunomodulators 


Histamine 


NK cell activator, ongoing clinical trials in 




dihydrochloride 


non-responder and naive patients 
combined with peg-IFN and ribavirin 




Thymosin al 


Trials comparing peg-IFN alone or with 
thymosin al in non-responders 




IL-10 


No improvement in fibrosis 




IL-12 


Lack of efficacy and significant toxicity 


Hepatoprotective drugs 


IFN-y 


Ongoing multicenter study evaluating 
anti-fibrotic effects in patients with 
hepatitis C and advanced fibrosis 




Ursodeoxycholic acid 


Reduces disease activity in patients not 
eligible for or not responding to standard 
therapy 



genotypes other than 1, lower baseline viral levels, a lower degree of fibrosis or 
inflammation, and lower body weight. Major side effects of combination therapy 
include influenza-like symptoms, hematologic abnormalities, and neuropsychiatric 
symptoms. Severe hemolysis from ribavirin may occur in patients with renal insuf- 
ficiency, and trials of pegylated IFN alone may be indicated in these patients. 



Novel therapies for chronic hepatitis C 

For patients who do not respond to combination therapy, novel drugs or delivery 
systems of available agents are currently being evaluated. These include new IFNs, 
ribavirin-like agents, inhibitors of HCV enzymatic activities (protease, helicase, or 
polymerase), immune modulators, nonspecific antiviral agents, and more innovative 
molecular approaches (ribozymes, antisense molecules). A list of drugs under devel- 
opment for the treatment of chronic HCV infection is shown in Table 3. 
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New interferons, ribavirin -like drugs and IMPDH inhibitors 

Pilot studies in humans and in experimental animals have evaluated respectively the 
efficacy of oral IFN-a and of parenteral IFN-a fused to serum albumin (Albuferon) 
to improve the pharmacokinetics of the drug. Preliminary results look encouraging 
[28, 29]. Levovirin, a second generation L-isomer of ribavirin, maintains the immu- 
nomodulatory activity of ribavirin by enhancing the Thl cytokine response. The 
drug exhibits a lesser degree of hemolytic anemia compared with ribavirin, presum- 
ably because it is not converted in erythrocytes to mono-, di- and tri-phosphate 
intermediates. Viramidine is a ribavirin “pro-drug” showing greater liver targeting 
properties and less hemolysis in animals than ribavirin [30]. 

One of the antiviral mechanisms of action of ribavirin is inhibition of IMPDH 
(see above). VX-497 is an orally bioavailable small molecule that is a specific and 
potent inhibitor of IMPDH. A recent four-week placebo-controlled study evaluating 
VX-497 in combination with IFN-a showed that the drug was well tolerated, and 
no significant hemolysis was observed. However, at four weeks the antiviral effect 
of the combination therapy was similar to that seen with IFN alone [31]. Mycophe- 
nolate mofetil, which is another inhibitor of IMPDH, is also currently being evalu- 
ated in combination with peginterferon in non-responders to previous IFN-a and 
ribavirin therapy [31]. In a recent trial in patients with chronic hepatitis C who had 
not undergone liver transplantation, the administration of an eight-week course of 
mycophenolate mofetil did not appear to have any significant antiviral or biochem- 
ical effect [32]. 



Amantadine 

Amantadine, a tricyclic amine, has antiviral activity against a wide spectrum of 
viruses. A meta-analysis of five studies including almost a thousand patients indi- 
cated a higher SVR rate in patients receiving IFN-a plus amantadine compared with 
IFN-a alone [31]. At present, “triple therapy”, including peginterferon, ribavirin, 
and amantadine, is being evaluated in randomized trials. 



Other immunomodulators 

Histamine dihydrochloride reduces generation of free radicals by inhibiting the 
NADPH-oxidase pathway and exerts a number of immunomodulatory activities 
through NK cells and T lymphocytes. A multicenter, randomized study to evaluate 
the safety and efficacy of histamine dihydrochloride and IFN-a2b has shown some 
beneficial effects concerning the virological response [33]. Thymosin al promotes 
T-cell maturation and NK cell activity, and stimulates production of IFN-y, IL-2, 
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and IL-3. Two double-blind, multicenter trials are evaluating the efficacy of this 
drug and peginterferon in cirrhotic and non-cirrhotic patients who failed to respond 
to previous therapy with IFN-a alone or in combination with ribavirin [34]. IL-10 
is produced by Th2 cells and down-regulates the inflammatory response. It has been 
reported to exert an anti-fibrogenic activity. In a pilot study in IFN non-responders 
with chronic hepatitis C, IL-10 therapy was well tolerated and, although devoid of 
antiviral activity, normalized serum ALT levels and reduced hepatic fibrosis [35]. IL- 
12 promotes cell-mediated immunity by stimulating Thl response. Given to a large 
number of non-responders to standard therapy, IL-12 showed a limited efficacy as 
regards the virological response as well as histologic activity, and was associated to 
significant toxicity [34]. 



Hepato protective drugs 

Another aim of therapy for chronic hepatitis C is to reduce liver inflammation and 
to prevent fibrosis progression. Thus, a few drugs are presently being evaluated in 
this respect. For example, IFN-y, which is produced by activated T lymphocytes and 
NK cells, down-regulates transforming growth factor (TGF)-|3 and decreases acti- 
vation and proliferation of hepatic stellate cells, which are responsible for the depo- 
sition of a fibrotic matrix in the liver. In addition, IFN-y inhibits protein synthesis 
and RNA replication in sub-genomic HCV replicon constructs [35]. Therefore, IFN- 
y might both decrease HCV RNA levels and prevent fibrosis in chronic hepatitis C. 
A randomized double-blind multicenter trial is in progress to investigate the hypoth- 
esis that recombinant IFN-y lb reduces fibrosis in patients with chronic hepatitis C 
patients [31]. Ursodeoxycholic acid is a hydrophilic bile acid exerting cytoprotective 
effects, especially in chronic cholestatic disorders. The mechanisms of action include 
reduction of toxic endogenous bile acids in the liver cells, a membrane stabilizing 
activity and immunomodulatory effects. Other mechanisms such as reduction of 
cytosolic calcium, stimulation of hepatocyte regeneration and antioxidant effects 
are still under investigation. In one randomized controlled trial in patients with 
chronic hepatitis C or cirrhosis, long-term ursodeoxycholic acid reduced disease 
activity despite the absence of antiviral effects [37]. 



Conclusions 

At present, only combination therapy with peginterferon and ribavirin should be 
used in the treatment of chronic hepatitis C, which is associated to a response rate 
of 50-60%. Approaches to increase response to current therapy include the devel- 
opment of new IFNs, novel nucleoside analogues, and other immunomodulators as 
adjunctive therapy to IFN-based regimens. Anti-fibrotic agents are also being eval- 
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uated in clinical trials with the aim of preventing disease progression in patients who 
fail to eradicate the virus. Compounds inhibiting virus specific enzymes, such as 
RNA polymerase, or those preventing translation initiations, such as antisense mol- 
ecules and ribozymes, will require further evaluation in clinical trials before they 
become available for routine clinical practice. 



Autoimmune hepatitis 

Autoimmune hepatitis (AIH) is an uncommon disease, characterized by the presence 
of interface hepatitis and portal plasma cell infiltration, hypergammaglobulinemia, 
abnormal aminotransferases and auto-antibodies [38]. The cause is unknown, but 
AIH seems to depend on aberrant auto-reactivity to hepatocytes in genetically pre- 
disposed individuals. Briefly, self-antigens or foreign antigens that resemble self- 
antigens are presented by the antigen presenting cells (APCs) and are recognized by 
CD4 T-cells that differentiate into Thl or Th2 and initiate a cascade of immunologic 
reactions varying according to the different types of cytokines they produce. Thl 
cells secrete IL-2 and IFN-y, which stimulate CTLs, induce HLA Class I and Class 
II antigens expression on hepatocytes, and activate macrophages. Th2 responses 
include secretion of IL-4, IL-5, and IL-10, which stimulate auto-antibody produc- 
tion by B-cells. A factor, such as virus, drug or environmental toxin, may begin the 
entire autoimmune process, which finally produces infiltration of the liver tissue by 
lymphocytes, plasma cells, and macrophages. A defective immunoregulation may be 
also present, which is supported by a defect in suppressor T-cell function. AIH may 
be associated with HLA DR3 and DR4 [39]. Women are affected more than men 
(gender ratio 3.6:1). Histology is of critical importance in the diagnosis of the dis- 
ease. Serum aminotransferase and y-globulin levels do not correlate with histologic 
features [38]. 

Severe untreated disease is associated with a mortality rate of 40% within six 
months of diagnosis. Moreover, a 10-year survival rate without treatment is only 
27% [40]. Treatment is recommended in patients with serum aminotransferase lev- 
els greater than 10-fold the upper limit of normal and histologic evidence of bridg- 
ing or multiacinar necrosis. It should be started also in patients with the same his- 
tologic picture and serum aminotransferase levels that are five-fold the upper limit 
of normal together with a serum y-globulin level at least twice the upper limit of nor- 
mal. Advanced age, postmenopausal status and the presence of cirrhosis are associ- 
ated with an increased risk of drug-related complications [38]. 

Figure 3 summarizes the mechanisms of action of immunosuppressive drugs in 
AIH. 

Standard therapy for AIH includes prednisone alone or prednisone at a lower 
dose in combination with azathioprine. Both therapies induce clinical, laboratory 
and histologic remission with similar frequency. Corticosteroid-related side effects 
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Figure 3 

Mechanisms of action of immunosuppressive drugs in AIH 

Abbreviations: Ag, antigen; IL-2, interleukin-2; IL-2 R, interleukin-2 receptor; MHC, major 
histocompatibility complex; T-cell R, T-cell receptor. See text for explanation. 



are less frequent with the combination regimen than with the higher dose pred- 
nisone regimen (10% versus 44%) [41]. 

Little is known about the mechanisms by which prednisone alone or in combi- 
nation with azathioprine influences the pathogenesis of AIH. Corticosteroids affect 
transcription by binding to corticosteroid receptors in the promoter regions of 
numerous genes. They act on antigen-presenting cells, such as activate macrophages 
and B-cells, to suppress production of the pro-inflammatory cytokines, IL-1, IL-6 
and TNF-a, which impairs the Ag presentation to T-cells. In addition, they suppress 
the secretion of IL-2 by CD4 T-cells. Thus, corticosteroids impair ongoing activa- 
tion of T-cells. Moreover, corticosteroids reduce the number of lymphocytes, mono- 
cytes, eosinophils, and basophils, and impair immunoglobulin G production from 
plasma cells and increase suppressor T-cell function. Azathioprine is a purine ana- 
logue, whose metabolites are incorporated into cellular DNA, resulting in inhibition 
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of nucleic acid synthesis and blockage of lymphocyte precursor maturation. It is 
fully effective after three months or more, while corticosteroids act very rapidly on 
the immune system [42, 43]. 

When prednisone alone regimen is chosen in the treatment of adults, the recom- 
mended dosage is 60 mg/day in the first week, 40 mg/day in the second, 30 mg/day 
in the third and in the fourth, then 20 mg/day until end-point. These doses are 
halved in combination with azathioprine, which is generally given at a dose of 50 
mg daily. The combination regimen is the most appropriate treatment in conditions 
such as postmenopausal status, osteoporosis, diabetes, obesity, acne, emotional 
lability and hypertension. Prednisone alone is preferred in conditions such as severe 
cytopenia, pregnancy or malignancy. Standard therapy should be continued until 
remission, treatment failure, incomplete response, or drug toxicity. Although bio- 
chemical improvement is observed in 90% of adults within two weeks of therapy, 
remission is observed after a year. Clinical and laboratory improvement precedes 
histologic improvement by three to six months [38]. Remission can be achieved in 
80% of patients within three years, and the 10- and 20-year survival rates exceed 
80%. All patients with severe disease should be treated. Treatment must be individ- 
ualized in patients with mild-moderate disease. Relapse is common, and long-term 
low-dose prednisone or azathioprine therapy is preferred after multiple relapses. 
Sustained remission is achievable, even after relapse, in 47% within 10 years, and 
the long-term maintenance regimens need not be indefinite [44]. Complications of 
corticosteroid therapy include facial rounding, acne, dorsal hump formation, trun- 
cal obesity, that occur after two years of treatment in 80% of patients, but more 
severe complications are osteoporosis, vertebral compression, diabetes, cataracts, 
hypertension, psychosis, that develop after 1 8 months of treatment at doses of pred- 
nisone that exceed 10 mg daily [41]. Complications of azathioprine include 
cholestatic hepatitis, veno-occlusive disease, pancreatitis, nausea, emesis, rash and 
bone marrow suppression, that occur in fewer than 10% of patients receiving 50 mg 
daily of azathioprine. Adjunctive therapies should be introduced if the individual’s 
perceived risk of steroid-related complications is high. Prevention of diabetes, obe- 
sity, hypertension and osteoporosis includes regular exercise, body weight control, 
vitamin D and calcium supplementation, estrogen replacement, bisphosphonate 
therapy. It is useful to perform bone mineral densitometry once yearly in asympto- 
matic patients on long-term steroid treatment [38]. 

In patients who are intolerant or do not respond to standard therapy, a few 
options are available. For example, budesonide and deflazacort are new steroids 
with potentially lesser toxicities than prednisone. Therefore, they might represent an 
alternative in the long-term therapy for AIFI to avoid systemic side effects of pred- 
nisone. Budesonide exhibits a 90% first pass metabolism in the liver, where it at 
high concentrations may act on pathogenic lymphocytes prior to be transformed in 
metabolites that are devoid of glucocorticoid activity. A preliminary study showed 
that this drug may be beneficial as a primary treatment of AIH [45], but another 
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study reported the failure of budesonide treatment in patients who had failed con- 
ventional corticosteroid therapy or who had relapsed after drug withdrawal [46]. 
Deflazacort is a derivative of prednisolone with fewer effects on bone and glucose 
metabolism than prednisone. Only one study showed that this drug might substitute 
prednisone for long-term maintenance of remission in AIH [47]. Prednisolone is the 
active metabolite of prednisone. Impaired conversion of prednisone to prednisolone, 
observed in patients with AIH and cirrhosis, has not been associated with treatment 
failure, and there is no need for substituting the metabolite for the parent molecule 
[48]. 6-mercaptopurine, the active metabolite of azathioprine, seems to represent a 
reasonable alternative to the parent molecule in patients with treatment failure [49]. 
Cyclosporine (CyA) and tacrolimus (FK 506) suppress the immune response by a 
similar mechanism of action, despite structural differences. In T-cells, they act as 
inhibitors of cytoplasmic enzyme calcineurin, whose phosphatase activity is 
required for the generation of transcription factors involved in expression of 
cytokines and growth factors critical for the generation of a T-cell immune response 
(the potent T-cell mitogen, IL-2, IL-3, IL-4, TNF-a, IFN-y, and granulocyte- 
macrophage colony-stimulating factor). CyA exerts these effects by forming a com- 
plex with cyclophylin, while FK506, a macrolide antibiotic with an immunosup- 
pressive activity much greater than that of CyA, binds to a different protein (FK 
binding protein). Both drugs also induce expression of TGF-(3, a potent suppressor 
of T-cell effector functions. In summary, CyA and FK506 inhibit clonal expansion 
of activated CD4 T helper cells, IL-2 production, CTL activation and expansion, 
and Ab production [42, 43, 48]. Use of CyA as a salvage therapy has been shown 
to be a reasonable alternative to prolonged high-dose corticosteroids [33], but its 
long-term use is associated with an increased risk of hypertension, renal insufficien- 
cy, hyperlipidemia, hirsutism, infection and malignancy. Preliminary studies on 
FK506 show favourable results in the treatment of AIH [42, 51]. Mycophenolate 
mofetil (MMF) is an ester pro-drug of mycophenolic acid (MPA), which inhibits 
IMPDH with the result of depleting the GTP pool and blocking DNA synthesis. As 
lymphocytes have inadequate salvage pathways for purine metabolism, MMF selec- 
tively impairs T- and B-cell activation and proliferation [42, 43]. Other effects of 
MMF include reduced expression of IL-2 receptors, HLA-DR, and transferrin recep- 
tors, interference with glycosylation of adhesion molecules required for T-cell acti- 
vation and cytotoxicity, reduced immunoglobulin synthesis by B-cells [43]. It 
appears as alternative to azathioprine in patients resistant to or intolerant of aza- 
thioprine [52]. Cyclophosphamide is a cytotoxic and pro-apoptotic agent, whose 
active metabolites alkylate nucleophilic bases, causing cross-linking of DNA, breaks 
in DNA, and impaired DNA synthesis. This activity results in inhibition of lym- 
phocyte function and proliferation, and suppression in Ab production [43]. A lim- 
ited, anecdotal experience indicates that cyclophosphamide may be effective in long- 
term treatment of AIH [53], but its toxicity profile (bone marrow suppression, hem- 
orrhagic cystitis, pulmonary and cardiac toxicity) has addressed the studies to other 
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less toxic anti-proliferative agents. Methotrexate is an anti-metabolite with both 
immunosuppressant and anti-proliferative effects. It inhibits dihydrofolate reductase 
and folate-dependent enzymes required for de novo purine and thymidylate synthe- 
sis. Anecdotal reports refer to a patient who failed prednisone monotherapy and 
was intolerant to azathioprine. Therapy with methotrexate resulted in biochemical 
and histologic improvement, and maintenance of remission [54]. D-penicillamine is 
a modified amino acid with anti-inflammatory, antioxidant and metal chelating 
activities. It also inhibits T helper cell-dependent immunoglobulin synthesis by B- 
cells. Penicillamine is effective in maintenance of remission in AIH patients, but sig- 
nificant side effects, such as rashes, cytopenia, proteinuria, are possible even at 
lower doses. Therefore, it may be used in some patients but does not offer signifi- 
cant advantages over standard therapy [55, 56]. Finally, the cytoprotective and 
immunomodulatory activities of ursodeoxycholic acid [57] have been evaluated in 
the treatment of AIH because of its beneficial effect previously demonstrated in 
chronic cholestatic autoimmune liver diseases [58]. The results of these studies sug- 
gest that longer term treatment with this agent is needed to see significant improve- 
ment in both biochemical and histologic indices [59, 60]. 



Alcoholic hepatitis 

Alcoholic hepatitis (AH) is a common disease caused by ethanol abuse and with a 
20% 1-year mortality. It is characterized by hepatomegaly, abnormal aminotrans- 
ferases with AST/ALT ratio over 1, and macrovescicular and microvescicular steato- 
sis, polymorphonuclear infiltrates, centrilobular hepatocyte swelling and degenera- 
tion, Mallory bodies, and pericentral-perisinusoidal fibrosis on liver biopsies. It may 
progress to cirrhosis. The cornerstones of therapy for all patients with AH are absti- 
nence from alcohol and nutritional support. These measures, however, are insuffi- 
cient to prevent early mortality in some patients with more severe AH who may ben- 
efit from pharmacotherapy. 

Therapy for AH is aimed at improving the short-term survival, as well as the 
long-term survival after resolution of an acute episode. The objective of therapy for 
AH is to affect one of the pathways of disease. For example, an inflammatory state, 
with increased activity of resident macrophages (Kupffer cells), cytokine production 
and recruitment of other inflammatory cells, is present in the alcoholic liver. 
Immune system is elicited by increased generation of neo-antigens in the liver. Cor- 
ticosteroids have well-known immunosuppressive and anti-inflammatory proper- 
ties, an inhibitory effect on cytokine production, and a direct anti-fibrotic effect by 
suppressing the expression of extracellular matrix proteins in the liver [61]. Many 
trials of short-term therapy for acute AH with prednisolone or methylprednisolone 
have been conducted and have demonstrated a significant improvement in patient 
survival [62]. Therefore, corticosteroids have been recommended for treatment of 
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alcoholic liver disease by the American College of Gastroenterology [63], although 
controversy still exists over their efficacy [64]. Instead, no benefit in terms of sur- 
vival has been observed after two years by a 1 -month corticosteroid therapy for AH 

[65] and in long-term corticosteroid treatment of patients with alcoholic cirrhosis 

[66] . Moreover, alcoholics are susceptible to infections that are also the major cause 
of mortality after short-term (28 days) treatment with corticosteroids [67]. Thus, 
preliminary screening for infection and then close monitoring during therapy are 
necessary. Instead, patients with AH and gastrointestinal bleeding or renal insuffi- 
ciency are unlikely to benefit from treatment, because of their high baseline mortal- 
ity. Because many patients with AH have some contraindication to steroid therapy, 
alternative safe and effective therapeutic options are needed. 

TNF-a is a pro-inflammatory cytokine, which may play an important role in the 
pathogenesis of alcohol-induced liver damage [68]. Oxidative stress stimulates 
cytokines, such as TNF-a [69], and causes hepatocyte damage through lipid perox- 
idation or other mechanisms. Therefore, anti-oxidants or agents that inhibit TNF-a 
may be useful in the treatment of AH. Pentoxifylline, a methylxanthine inhibitor, is 
being used for its regulatory effects on hepatic microcirculation and its inhibitory 
activity on neutrophil mediated effects, such as superoxide production, chemotaxis, 
phagocytosis and TNF-a synthesis. The rationale for the use of pentoxifylline in AH 
is in fact its ability to inhibit both the synthesis and the activity of TNF-a. A recent 
trial of pentoxifylline in patients with severe AH demonstrated a significant 
improvement in patient survival, though less than that with corticosteroids. More- 
over, it significantly reduced the incidence of hepatorenal syndrome, probably due 
to the action of the drug on erythrocyte deformability, resulting in an improvement 
in renal blood flow [70]. Pentoxifylline may represent an alternative for patients 
who are not suitable for corticosteroids. Also, a preliminary study with TNF-a neu- 
tralizing antibodies in patients with severe AH showed an increased survival, though 
associated with a significant occurrence of infections [71]. 

Chronic alcohol consumption causes a hyper-metabolic state in the liver, charac- 
terized by oxygen consumption, leading to tissue hypoxia and liver damage. This 
state is similar to the systemic state induced by hyperthyroidism. Moreover, alcohol- 
induced injury is most severe in the region of the liver with the lowest oxygen ten- 
sion (perivenular, zone 3) and often has characteristics of an ischemic insult. Propy- 
lthiouracil (PTU) decreases hyper-metabolism and oxygen consumption, and also 
has a direct vasodilatory effect on portal blood flow, as well as antioxidant activity 
[66]. It has been demonstrated to be able to improve liver tests [54], but not survival 
[72]. There remain uncertainties about its mechanism of action. In fact, PTU does 
not appear to have an effect on hepatic oxygen consumption [73], while it seems to 
interfere with the neutrophilic tissue injury by inhibiting myeloperoxidase in neu- 
trophils [74]. 

Two classes of drugs are available to improve the long-term outcome of patients 
with chronic AH: antioxidants and anti-fibrotics. In general, preliminary studies 
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show better results with the anti-oxidants than with the anti-fibrotics. However, 
there are not yet strong data indicating any drug as an improvement over abstinence 
alone in the long-term treatment of patients with alcoholic cirrhosis. S-Adenosyl- 
methionine (SAMe), a precursor of glutathione, is an anti-oxidant agent. It preserves 
hepatocyte glutathione stores and limits oxidant-induced liver damage [67]. SAMe 
has shown promising results in treating experimental animals with AH. A long-term 
study of SAMe in humans with alcoholic cirrhosis has demonstrated a marginal 
improvement of survival in patients with less severe cirrhosis, and no effect in 
patients with more advanced liver disease [75]. Trials with higher doses of SAMe are 
needed for better evaluation of the drug. Silymarin is another anti-oxidant com- 
pound derived from the milk thistle plant. The main effect of silymarin apparently 
is to decrease the level of lipid peroxidation, and therefore to preclude the progres- 
sion of liver damage and the development of fibrosis. The only two studies evaluat- 
ing silymarin as specific therapy for alcoholic cirrhosis, have shown contradictory 
results [76, 77]. Silymarin probably is of some benefit in patients with mild alco- 
holic cirrhosis who continue to drink. Instead, anti-oxidant vitamins (vitamins A 
and E), do not seem beneficial. Polyenylphosphatidylcholine (PPC) is a polyunsatu- 
rated lipid with anti-oxidant and anti-fibrotic properties. It is able to inhibit 
ethanol-induced hepatocyte apoptosis, to decrease cytochrome P450 2E1 activity, 
which in turn can limit alcohol-induced oxidant stress in the liver, and to reduce the 
activation of hepatic stellate cells. PPC is under investigation in man as a long-term 
treatment for alcoholic cirrhosis. Colchicine has anti-inflammatory and anti-fibrot- 
ic effects. Encouraging results concerning survival have been reported in long-term 
treatment of patients with alcoholic cirrhosis with some cases of histological reso- 
lution of liver fibrosis [78]. However, a re-analysis of the same data has shown no 
benefit from the use of this compound. Finally, recent reports claim that the use of 
colchicine for treatment of either alcoholic or non-alcoholic cirrhosis is not indicat- 
ed [79, 80]. 
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Introduction 

Diarrhoea is a relatively frequent side effect seen during treatments with various 
drugs and about 700 drugs have been implicated in diverse forms of colitis [1, 2]; 
among the drugs the most frequently involved in diarrhoea, antibiotics account for 
the predominant therapeutic agents responsible for intestinal disorders. 

During antibiotic therapy, antibiotic-associated diarrhoea (AAD) is one of the 
most common adverse events accounting for approximately 5-25% of patients 
receiving antibiotics [3, 4]. The incidence of AAD varies with the class of antibiotic 
used and with risk factors in patients treated: AAD has been observed in a wide vari- 
ety of patient populations including orthopaedic, obstetric/gynaecologic, intensive 
care-unit patients [5] and even ambulatory patients [6]. In hospitalized patients, the 
differential diagnosis should recognize either “real” AAD, or endemic or sporadic 
cases of infectious colitis caused by a variety of contagious bacteria [7]. The AAD 
type of diarrhoea has been recognized since 1950, at a time when there existed only 
a limited number of available molecules (penicillin, erythromycin, chloramphenicol, 
tetracyclines). During the following decade, the sequential introduction in therapy 
of new antibiotics (cephalosporins, aminoglycosides, clindamycin, and new 
macrolides) resulted in increasing incidence of such complication, initially consid- 
ered as mild [1]. With the development of large spectrum antibiotics, the increasing 
observation of major intestinal disorders [8] and emergence of pseudomembranous 
enterocolitis (PSE) were seen in patients treated for example with clindamycin or co- 
amoxiclav. The agent of PSE, Clostridium difficile , was identified in 1978 [9] and 
since then, research on epidemiology and pathogenesis of this severe infection has 
been widely studied. Similarly, the mechanisms of various types of AAD have been 
better understood. Causes and treatment of PSE are much better established today 
and improvement in early diagnosis methods as well as a better understanding in 
pathogenesis of this disease can help to prevent this severe complication of antibi- 
otic therapy [10, 11]. Other clinical expressions of antibiotic-associated diarrhoea 
have been analyzed as to their causes and pathogenesis and they are better con- 
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trolled as well [12]. The aim of this review is to analyze epidemiologic factors, 
pathogenesis, clinical presentation and control of antibiotic-associated colitis. 



Epidemiology of antibiotic-associated diarrhoea 

The predominant concept regarding the role of antibiotics in diarrhoea is that the 
antibiotic treatment disrupts the equilibrium of the normal gut flora. In fact the 
pathogenesis of AAD is by far more complex and many other risk factors have been 
identified. The pathogenesis of AAD includes alteration of numerous physiological 
functions of the gut by disruption of the normal microflora which normally con- 
tributes to fermentation processes and to the phenomenon termed “resistance to col- 
onization” [3]. Resulting diarrhoea is associated with the alteration of the fermen- 
tation processes, reduction of short chain fatty acids production and emergence of 
pathogenic organisms such as Clostridium difficile. Other drug classes can be 
responsible for similar undesirable effects by means of the same mechanisms and of 
metabolic interactions with hepatic functions [1]. 



Normal intestinal flora 

The human intestinal flora constitutes a complex ecosystem with its host: This flora 
remains relatively stable in normal health at a given age (it varies significantly as a 
function of age). This flora includes high numbers and variety of intestinal bacteria, 
estimated at 1,013 in the colon and around 400 bacterial/fungal species: It plays a 
significant role in the development of the immune system and contributes to the col- 
onization resistance against exogenous pathogenic organisms [13, 14]. Also, the 
designated barrier effect - the protection against pathogenic invaders - results from 
the normal presence of anaerobic organisms that are by far the dominating bacte- 
ria, covering the intestinal mucosa; there is also a sub-dominant flora including 
Enterobacteriaceae and Enterococci which are of importance since these bacteria 
can be the source of infection. If the equilibrium of the normal flora is disrupted by 
antibiotics, bacterial proliferation and infection can occur by resistant endogenous 
bacteria (previously established in the gut) or by exogenous organisms [14]. 



Factors initiating antibiotic-associated diarrhoea 

During most antibiotic therapy courses, alteration of the normal flora of the bowel 
occurs, with loss of the normal equilibrium and of resistance to colonisation; this 
can result in the emergence of pathogenic organisms. Other factors are potentially 
implicated in the pathogenesis of AAD, such as allergic and toxic effects of antibi- 



78 




Treatment and prevention of antibiotic-associated colitis 



otics on mucosa and pharmacologic effects on intestinal motility such as with 
macrolides [15]. The predominant aetiology of AAD has implicated the pathogenic 
role of Clostridium difficile , a sporulated anaerobic organism, which behaves as a 
nosocomial pathogen but may be responsible for community-acquired C. difficile 
infection associated to antibiotic therapy [6]. 



Clostridium difficile 

C. difficile is a sporulated anaerobic organism potentially present in the environ- 
ment in the sporulated form and potentially carried in the human gut. Since the 
demonstration of the role of this organism in pseudomembranous colitis in 1978 
[1], its importance has grown significantly during 20 years: The responsibility of C. 
difficile in AAD is evaluated at 20-25%, with 95% of pseudomembranous entero- 
colitis involving this organism [4, 8]. Pathogenesis of PSE is mediated by two potent 
heat labile cytotoxic toxins produced by C. difficile : Toxin A which is an entero- 
toxin and toxin B, a cytotoxin. Both are capable of significantly damaging the 
human colonic epithelium and they act synergistically [4, 6, 8]. A large range of clin- 
ical presentations has been observed from an asymptomatic carriage to fulminant 
colitis, depending on the potential overgrowth of the organism. 



Other pathogenic organisms involved in AAD 

C. difficile is not the unique agent of antibiotic-associated diarrhoea, and several 
other organisms were suspected as being potential agents of AAD and even of PSE 
[12]. In rare cases of PSE, other species have been implicated such as Klebsiella oxy- 
toca , Clostridium perfringens , Proteus spp, Pseudomonas spp and less often, Can- 
dida albicans or Staphylococcus aureus [1, 7, 8]. The latter organism has been the 
suspected agent of “pseudomembranous enterocolitis” in the 1950s, a time when S. 
aureus was the most common agent of nosocomial infections. This hypothesis and 
the designation “staphylococcal enterocolitis” had been confirmed for a while since 
patients were treated successfully with vancomycin when the drug became available 
in 1959 [8]. The identification of the nature and role of Clostridium difficile in PSE 
was established more recently in 1978 and since then research on epidemiology and 
pathogenesis of PSE has permitted a better understanding of its mechanism [4, 6, 8, 
9, 11]. However in many “enigmatic cases” [8] of AAD with absence of isolation of 
any etiological agent, the disruption of equilibrium of the normal flora has been 
seen as a modification of bacterial concentrations and of their proportions, creating 
a situation named “dysbiosis” [8]. Some of the non-identified cases could also be 
related to other therapeutic classes than antibiotics, like antineoplastics, cyclo- 
sporin, non-steroidal anti-inflammatory drugs [1]. 



79 




Eugenie Bergogne-Berezin 




Figure 1 

Schematic metabolic mechanisms of anti biotic- associated diarrhoea (modified from [17, 20]. 



Pathogenesis of antibiotic-associated diarrhoea 

During the last decade, pathogenic mechanisms of AAD have given rise to many 
experimental studies in animal models: In vivo and ex vivo studies (rat ileal loops 
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and CAC02 enterocyte cultures) have resulted in a better understanding of the 
mechanisms of the antibiotic mode of action upon the enteric flora and permitted 
to establish reliable bases for the appropriate treatments and prevention of AAD. 



Alterations of the function of the intestinal flora 

Several mechanisms have been advocated as responsible for the disturbances occur- 
ring in AAD: One of the most important factors could be a diminished digestion of 
carbohydrates, normally metabolized by colonic bacteria as an energy source 

(Fig. 1] ' 

The normal production of lactic acid and short chain fatty acids (acetate, 
butyrate, and propionate) by the anaerobic flora is decreased, which results in func- 
tional disturbances of the colonic mucosa [3, 6]. Most antibiotics have been impli- 
cated in the reduced carbohydrate metabolism. Moreover, the diminished or sup- 
pressed carbohydrate metabolism may result in osmotic diarrhoea and poor absorp- 
tion of short chain fatty acids, water and electrolytes. A possible role of decreased 
bile acid dehydroxylation, occurring normally by means of bacteria in the colon, 
has been also advocated among the metabolic disturbances resulting from antibiot- 
ic use. 

Malabsorption can be associated with diarrhoea after long term use of oral 
antibiotics (aminoglycosides, polymyxin, bacitracin) in patients receiving a selective 
digestive decontamination (SDD): The diarrhoea is characterised by low levels of 
short chain fatty acids, damages in the small intestinal mucosa, resulting in villous 
atrophy and reduction of the enzymatic activity of enterocytes [1, 3]. 

Secretory diarrhoea with some antibiotics can occur without microbial prolifer- 
ation and mucosal damage. In 50% of patients receiving clindamycin, a study 
showed that there was neither colitis nor the presence of C. difficile in this watery 
diarrhoea [1]. 

Disturbed intestinal motility with diarrhoea has been described as a consequence 
of use of macrolides and in rare cases, of use of |3-lactams (penicillin, cephalo- 
sporins) [1]. It has been established that there is a dose effect, with worsening of 
diarrhoea when high doses are administered. With i.v. administration of high doses 
of erythromycin, the reported symptoms of diarrhoea, nausea and vomiting, were 
attributed to the fact that erythromycin acts as a motilin receptor agonist to stimu- 
late motility and shorten the orocaecal transit time [1, 15]. 



Clinical presentation 

In clinical practice, various clinical presentations of AAD can be observed but 
schematically two major types of diarrhoea can be seen: 
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1 ) Acute diarrhoea appearing during the first few days of antibiotic therapy, return- 
ing to normal when treatment is interrupted. These cases of uncomplicated diar- 
rhoea have the highest incidence and can occur early in 62% of cases; 

2) Severe colitis appearing during the antibiotic treatment or with a variable delay 

(two to six weeks). 

Clinical presentation of severe diarrhoea associated with colitis is characterized by 
fever, abdominal pain, hypoalbuminemia and leukocytosis [5, 8]. Many interme- 
diate presentations have been described, from simple diarrhoea as cited above, to 
fulminant pseudomembranous colitis, characterized by watery diarrhoea 
(90-95%), fever (80%), leukocytosis (80%), and vomiting [7, 8, 10]. Severe com- 
plications include hypokalemia, renal failure, rare cases of toxic megacolon, per- 
foration of the colon and shock. Symptoms appear generally five to 10 days after 
the beginning of the antibiotic therapy but shorter or longer delays have been cited 
[1, 5, 8]. 

The methods for diagnosis of AAD will be chosen as a function of the severity 
of the presentation. They include endoscopy if a PSE is suspected: The diagnosis is 
based on observation of yellow or green plaques covering the colonic mucosa or 
moderately erythematous mucosa seen by means of colonoscopy. The pseudomem- 
branes can spread throughout the colon. During sigmoidoscopic examination 
revealing multiple pseudomembranes, samples can be taken for biopsy. Histologi- 
cally they are formed of fibrin, leucocytes and epithelial cells and they are adherent 
to the intestinal damaged mucosa. 

Laboratory assays include stool cultures for isolation of C. difficile and/or iso- 
lation of toxins, obtaining approximate positive culture and presence of toxins A 
and B in 70-95% of patients. Mortality rates in a community-based series of 
patients reached 3% [16]. Other enteric pathogens (Shigella spp, Vibrio spp) or 
chronic inflammatory gastrointestinal diseases not associated with antibiotic use 
can simulate clinical presentation of an AAD. In diarrhoea associated with C. dif- 
ficile, one of the most frequent complications seen in hospital patients is the fre- 
quency of relapses [11]. This recurrent form of PSE leads to an increased use of 
antibiotics (vancomycin), extended hospital stays and medical complications: Mor- 
tality rates increase significantly in recurrent forms of PSE reaching up to 10% of 
patients. 



Risk factors for antibiotic-associated diarrhoea 

Several types of predisposing factors have been recognised in the occurrence of AAD 
but the two predominant factors are the antibiotic class and the host factors (age 
and underlying pathologies). Other environmental circumstances may contribute to 
the spread of C. difficile and the high incidence of pseudomembranous colitis. 
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Table 1 - Impact of antibiotic classes upon human intestinal microflora (after [6, 30]). 


Antibiotic class 


% bile* 


Aerobic flora 


Anaerobes 


Risks 

Diarrhoea 


PSE 


Aminopenicillins 


20 


+++ E. coli 


IN ++ 


++ 


1 


+ clavulanate 


50 


+++ Klebs 


III ++ 


++ 


4,3 


Cefoxitin 


2 


ft enterococci 


III ++ 


++ 


- 


Cephalosporins (3GC) 


10-70 


Ilf. coli 


cefoperazone 


++ 


5,1 


Aminoglycosides 


~1-2 


| £. coli 


- 


- 


- 


Macrolides 


+++ 


ft Strepto 












ft enterobact 


Ill ++ 


+++ 


0,6 


Clindamycin 


+++ 


ff Klebs 


III +++ 


+++ 


major 


Fluoroquinolones 


0-2,5 


limited impact 


- 


- 


- 



* % elimination by biliary route 

Klebs, Klebsiella spp; Strepto , Streptococci; Enterobact, Enterobacteriaceae (Enterobacter 
spp); PSE, pseudomembraneous colitis; relative risk; 3GC, 3rd generation cephalosporins. 



Antibiotic class (Tab. 1) 

Virtually any antimicrobial agent with antibacterial spectrum of activity has been 
implicated in antibiotic-associated diarrhoea. 

An experimental model, the hamster model, developed in the late 1970s, was 
used initially for detection of C. difficile in stools of patients: It has been shown to 
develop a lethal hemorrhagic cecitis due to C. difficile by using ampicillin, carbeni- 
cillin, cefamandole, cefaclor, cefazolin, cefoxitin, cephalexin, cephalothin, oral gen- 
tamicin, imipenem, metronidazole, penicillin, and even vancomycin. Tetracyclines, 
chloramphenicol and sulphonamides did not produce similar effects [8]. Extrapola- 
tion of these data can be done to man. 

In patients, the incidence of AAD also varies between antibiotic classes and with- 
in a given class, the impact of a specific molecule on the occurrence of AAD has been 
underlined [3, 4, 6, 7]. Nearly all antibiotics (except for vancomycin and aminogly- 
cosides) can be responsible for AAD, particularly if the anaerobic intestinal flora 
forms part of the spectrum of those drugs, and provided that antibiotic concentra- 
tions are high enough in the intestinal lumen to inhibit the anaerobes. The predom- 
inant antibiotics that have been reported as producing the highest incidence of AAD 
were the aminopenicillins (ampicillin/amoxicillin), the combination of amoxicillin- 
clavulanic acid, cephalosporins and clindamycin [4, 6, 7]. In hospitals the incidence 
of AAD is the highest in intensive care units (ICU), and the duration of the antibi- 
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otic therapy is an additional risk factor. In a recent prospective study in five Swedish 
hospitals, it has been shown that the increased risks for the occurrence of AAD were 
related to cephalosporins, clindamycin, broad spectrum penicillins [5]. Even metro- 
nidazole used to treat PSE has been shown capable of causing AAD. In ICUs the risk 
of occurrence of AAD increases with administration of combination therapies, with 
a higher risk of PSE [4]. In medical practice PSE may occur as well, as shown in an 
investigation in France [6] with the majority of cases related to amoxicillin-clavu- 
lanic acid and cefoperazone: It has been established that rates of diarrhoea are 
minor with orally administered antibiotics compared to intravenously administered 
drugs with high rates of biliary-fecal route of elimination [4, 11]. 



Host and environmental factors 

As seen above, the incidence of AAD and PSE is the highest in ICU patients with 
severe underlying pathologies; in elderly, surgical, immunosuppressed patients. The 
prolonged hospital stay exceeding four weeks has resulted in 55% of patients with 
AAD as evaluated in several series [4]. The age of patients is also one of the major 
risk factors, showing higher incidence at the extreme ages of life (< 6 and > 65 years 
old patients). Rates of diarrhoea vary with individual hosts and some patients are 
particularly prone to develop diarrhoea which is one of the key factors with vari- 
able individual effects of antibiotics on the colonic anaerobic flora. 

The hospital offers opportunities for acquisition of gastrointestinal nosocomial 
infections: Spread of C. difficile between patients has been demonstrated and AAD 
can reach incidence rates ranging between 16-30% of hospitalized patients. C. dif- 
ficile is considered as a nosocomial organism [5, 6] and can be responsible for noso- 
comial epidemics. The most common clinical setting for occurrence of PSE is gut 
surgery, gastrointestinal exploratory procedures, and pelvic surgery. Other patholo- 
gies like spinal fracture, colonic carcinoma, severe burns, Crohn’s disease, ischemic- 
cardiovascular disease increase the risk of AAD and PSE occurrence. Identification 
of all these risk factors is important in order to establish preventive and therapeutic 
measures. 



Treatment of antibiotic-associated diarrhoea 

Mild or moderate cases of AAD 

In many moderate cases of antibiotic-associated diarrhoea, with loose stools only 
and moderate digestive symptoms, the AAD duration is brief and self-limiting as 
soon as the inducing antibiotic is discontinued. It does not require a specific antibac- 
terial treatment. However if the patient’s condition requires antibiotic therapy, the 
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recommendation is to substitute the inducing antibiotic class by a more appropriate 
antibiotic, with less risk of induction of diarrhoea such as quinolones, metronida- 
zole, co-trimoxazole, parenteral aminoglycosides or tetracyclines [7, 8]. 



Antibiotic therapy in severe AAD: Treatment of PSE 

Severe cases of AAD, particularly those related to C. difficile , require a suitably 
adapted oral antibiotic therapy. The recommended antibacterial agents are van- 
comycin (125 to 250 mg four times daily), metronidazole (250 mg three times 
daily), or less frequently used: bacitracin (25,000 units four times daily), teicoplanin 
(200 mg daily) or fusidic acid (500 mg once daily) [3, 10]. The highest doses of van- 
comycin (250 to 500 mg four times daily) were recommended early in the 1960s on 
the bases of the role of S. aureus. In fact when the identification of the role of C. 
difficile was established, these doses were efficacious in the treatment of 
pseudomembranous enterocolitis and the gold standard is today a lower dose of 
vancomycin (125 mg four times daily orally). This treatment generally results in a 
rapid response, with fever resolving within 24 hours, and diarrhoea resolving with- 
in 4-5 days [8]. Other antibiotics have been used: bacitracin (25,000 units four 
times daily), teicoplanin which is a glycopeptide like vancomycin (100 mg two times 
daily) or fusidic acid (500 mg once daily). With suitable antibiotic classes like van- 
comycin, or metronidazole which is the major alternative drug, clinical resolution is 
generally observed in 80-100% of cases but varies with the antibiotic: Relapses 
occurred in 5-16% of cases treated with metronidazole, 16-33% with vancomycin, 
8-35% with teicoplanin, 28% with fusidic acid, and up to 42% with bacitracin [3, 
10, 17] .The lowest rates of relapses were seen with metronidazole which is often 
regarded as the first-line therapy (250 mg, four times daily for 10 days). Van- 
comycin showed similar efficacy but with higher relapse rates and otherwise a pos- 
sible selection of vancomycin-resistant organisms, mainly Enterococci [3]. Van- 
comycin is prescribed at 125-500 mg doses, four times daily for 10 days in intoler- 
ant or non-responders to metronidazole. 



The place of living micro-organisms in the treatment or prevention of AAD 
Rationale 

Whatever the micro-organism involved in diarrhoea, the disorganization of the 
intestinal flora, the loss of important metabolic functions and of the colonization 
resistance mechanisms requires therapeutic measures. The hypothesis of the poten- 
tial role of living micro-organisms, administered for treatment or prevention of 
AAD, has been illustrated by the administration of several “physiologic” non-path- 
ogenic organisms. They have been designated “probiotics” [18] and for specific 
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Table 2 - Criteria requested to define a micro-organism as a biotherapeutic agent/probiotic 
(modified after [20]) 

Characteristics Consequences 



The organism must: 

1) Be of biologic origin (human, animal) 

2) Be experimentally demonstrated as safe 

3) Be stable during technological 
procedures 

4) Resist gastric fluids and bile 
in the body 

5) Persist in the gut and adhere to 
epithelial cells 

6) Be capable to produce immune 
factors, cytokines... 

7) Be capable to interfere with metabolic 
activities 



The organism must: 

Be totally safe when used in patients 
(GRAS status) 

Not present any pathogenic potential 
Remain stable during storage and conservation 

Remain stable in the human gastrointestinal 
system 

Form a mucosal protective blanket in human 
gut against invaders 

Attract macrophages (chimiotactic effects) 

(after [21]) 

Achieve cholesterol assimilation, lactasic activity, 
vitamine production 



organisms like a yeast, Saccharomyces boulardii a further designation was “bio- 
therapeutic agents” [17, 19]. 

Definition 

Any potential probiotic or biotherapeutic agent can be defined as “living microbial 
supplement exerting a beneficial effect on the host by improving his intestinal 
ecosystem”. Most of these probiotics are bacteria or yeasts, commercially available 
and clinically used in the form of lyophilised drugs. The criteria accepted for selec- 
tion of a specific organism and to consider a living organism as potential probiotic 
are listed in Table 2. The postulated effects, benefits and indications by using pro- 
biotics are listed in Table 3. 



Clinical experience 

Several genera and species of living micro-organisms have been used in the treat- 
ment and prevention of AAD as well as in the prevention of relapses of C. difficile 
associated diarrhoea. Several examples are cited in the literature and reported 
below. 
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Table 3 - Main clinical indications of biotherapeutic agents 



Diarrhoea in adults 

Treatment of antibiotic-associated diarrhoea 
Prevention of antibiotic-associated siarrhoea 

Prevention of relapses of pseudomembranous colitis (preferred organisms as probiotics: Sac- 
charomyces boulardii, Lactobacillus GG r L. acidophilus + L. bulgaricus) 

Prevention of traveller's diarrhoea: a randomized double blind study with Enterococcus SF 68 
had reduced significantly duration and intensity of diarrhoea 



Infectious diarrhoea in children 

Multicenter studies: prevention + treatment in Rotavirus associated diarrhoea: based on use 
of Lactobacillus casei (LGG) f Bifidobacterium lactis, L. reuteri (after [20]) 



Possible future indications of biotherapeutic agents (to be based on extensive clinical trials) 
(after [20, 36-39]) 

Chronic intestinal inflammatory diseases: Crohn's disease, ulcerative disease 
Radiotherapy-induced diarrhoea 
Vaginal infections 

Post-surgical infections and selective decontamination in surgery 



(all indications cited are based on double blind randomized studies) (after [13, 17, 20]) 



Treatments 

Lactobacillus casei GG was administered in the form of yogurts, and this has result- 
ed in a diminished duration of diarrhoea in 16 patients as compared to the placebo 
group (two versus eight days) [22]. Another study showed that in 19 children with 
persisting diarrhoea associated with the presence of C. difficile in stools, S. boulardii 
administered as monotherapy resulted in significant improvement of signs in 18 
patients after eight days treatment [23]. 



Prevention 

In view of reducing the economic and medical impact of AAD, the prevention of 
diarrhoea in patients at high risk of occurrence of AAD and PSE could be obtained 
by using living micro-organisms. Several trials in patients receiving antibiotics have 
been carried out for prophylaxis: In 38 patients, administration of a mixture of Lac- 
tobacillus acidophilus and L. bulgaricus had no preventive effect for diarrhoea [24], 
but in a cross-over study in patients receiving erythromycin (three days twice daily), 
oral absorption of yoghurt containing Bifidobacterium longum has diminished sig- 
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nificantly the number of stools and abdominal pain as compared to patients receiv- 
ing the placebo-yoghurt [25]. In 188 children (six months to 10 years old) treated 
by antibiotics, administration of Lactobacillus GG resulted in a significant differ- 
ence in diarrhoea occurrences (16 out of 93 children) as compared to the placebo- 
group (46 out of 95 children) (p< 0.0001) [26]. 



The experience with S. boulardii 

In 388 ambulatory patients receiving tetracyclines or (3-lactams for more than five 
days, S. boulardii diminished the prevalence of AAD to 4.5% versus 17.5% in the 
placebo-group (p< 0.001) [27]. Similarly in two American double blind studies, the 
occurrence of AAD was limited to 9.5% in patients treated with S. boulardii versus 
22% in the placebo-group [28], and to 7.3% of patients receiving S. boulardii ver- 
sus 14.6% in the placebo-group. S. boulardii was administered at 1 g daily dose for 
two weeks. Its simultaneous administration with antibiotic therapy is rendered pos- 
sible thanks to its resistance to most antibiotics [30]. 



Prevention of AAD 

Several organisms have been used in the treatment or prophylaxis of ADD such as 
selected strains of Lactobacillus acidophilus , L. bulgaricus , Bifidobacterium 
longum , Enterococcus faecium. The biotherapeutic agent, non-pathogenic yeast, 
Saccharomyces boulardii has been used as preventive agent against AAD. In animal 
models of C. difficile colitis initiated by clindamycin, animals treated with 5. 
boulardii (at end of vancomycin therapy) had a significant decrease of C. difficile 
CFU, and of toxin B production. In several clinical randomised trials ( versus place- 
bo), S. boulardii has demonstrated its effectiveness by decreasing significantly the 
occurrence of C. difficile colitis and preventing the pathogenic effects of toxins A 
and B of C. difficile. It has been shown to be a safe and effective therapy in relaps- 
es of C. difficile colitis. A good response has been seen in children with AAD, treat- 
ed by S. boulardii only. In ICUs prevention of AAD remains based on limitation of 
antibiotic overuse and spread of C. difficile or other agents of AAD should be pre- 
vented by improved hygiene measures (single rooms, private bathrooms for patients, 
use of gloves and hand washing for personnel). In addition, the increasing use of 
biotherapeutic agents such as S. boulardii should permit to prevent the major side 
effect of antibiotics i.e. AAD in at risk patients. 



Prevention of relapses of PSE 

In five patients presenting relapses of pseudomembranous enterocolitis, the admin- 
istration of 10 10 Lactobacillus GG for 7-10 days resulted in cure in four patients; 
the fifth patient was treated for 10 days by metronidazole [31]. In another report, 
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the efficacy of Lactobacillus casei GG in four children has been confirmed and the 
treatment reduced the number of relapses of PSE [32]. In a double blind random- 
ized controlled study, S. boulardii versus placebo has been given to 124 patients 
with C. difficile associated diarrhoea, in view of preventing relapses: The number of 
relapses has been significantly reduced to 26.3% compared to the placebo group 
(44.8 %, p = 0.05). The efficacy of S. boulardii in prevention of relapses has been 
evidenced in patients who had a previous relapse of AAD: In these patients, relaps- 
es occurred in 34.6% versus 64.7% in the placebo group [33]. 



Discussion 

Early concepts of the beneficial effects of fermented foods emerged at the beginning 
of the 20th Century and the Russian microbiologist Metchnikoff assessed the con- 
sumption of fermented milk resulting in improved health and prolonged lives. Lac- 
tic acid bacteria were supposed to control the growth of pathogenic bacteria. On 
these bases, several living micro-organisms have been used in the treatment and pre- 
vention of antibiotic-associated diarrhoea. Today there is a reviving interest in the 
use of living organisms due to two factors: 

1) After 50 years of successful use of antibiotics, the diffusion of resistant bacteria, 
increasing failures due to resistance and the high costs of antibiotic therapy, lead 
to an effort to develop alternative treatments. 

2) Reliable experimental studies with probiotics and biotherapeutic agents have 
established modes of action of these organisms, and new therapeutic approach- 
es for antibiotic-associated diarrhoea. 

Most probiotics belong to bacteria: Lactobacillus casei GG, Bifidobacterium 
bifidum or to yeasts like Saccharomyces boulardii. The latter has been carefully 
evaluated in experimental studies in animal models as to its mode of action against 
C. difficile [23, 28, 34]: It has been demonstrated that S. boulardii serine protease 
inhibits the pathogenic effects of toxins A and B in human colonic mucosa; in C. dif- 
ficile induced inflammatory diarrhoea, the protective effects of S. boulardii have 
been attributed to the proteolytic digestion of toxin A and B molecules by the secret- 
ed protease. Additional effects of S. boulardii have been advocated: Stimulation of 
host mucosal disaccharidase activity and enhancement of the intestinal mucosal 
immune response. They are supposed as well to mimic the normal functions of 
intestinal commensal flora [35]. Therefore, the use of living micro-organisms in the 
control of gastrointestinal disorders offers an alternative treatment to conventional 
antibiotic therapies. Moreover, further indications of probiotics in gastro-enterolog- 
ic diseases have been assayed and applied such as the association of Lactobacillus 
GG in Crohn’s disease [36] or during Helicobacter pylori eradication therapy [37] 
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(Tab. 3). The potential role of biotherapeutic agents, mainly Lactobacillus spp in 
therapy for vaginitis has also been examined [38] based on restoration of normal 
pH, competition for adherence on vaginal epithelial cells of pathogenic organisms 
(Gardnerella vaginalis) and stimulation of mucosal immune system. Therefore the 
place of biotherapeutic agents in a large variety of infections is very promising, 
either replacing anti-infective drugs or offering synergistic effects with antibiotics, 
provided that more extensive experiments and clinical experience are developed in 
the near future. 
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Introduction 

For decades, aspirin has represented the elective treatment for inflammatory-based 
pathologies, due to its antipyretic and anti-inflammatory activities [1]. 

Many other newer and more potent anti-inflammatory drugs with non-steroidal 
chemical structures like aspirin, also called non-steroidal anti-inflammatory drugs 
(NSAIDs), were discovered and marketed during the last century. Unfortunately, 
aspirin and NSAIDs treatments are accompanied by an increased risk of gastroin- 
testinal (Gl) ulceration with consequent bleeding [2]. A recent review article from 
Wolfe and co-workers highlighted that the NSAIDs consumption was among the 
major causes of mortality in the United States in 1997. NSAIDs, one of the widest 
drug classes in use, may therefore present unwanted effects resulting in substantial 
morbidity and mortality, even if only in a small percentage of subjects [3]. 

The discovery of the mechanism of the action of aspirin, consisting of inhibition 
of the cyclo-oxygenase (COX) enzyme activity followed by the inhibition of 
prostaglandin synthesis, also allowed the identification of the mechanism of Gl 
toxicity. The inhibition of the synthesis of gastrointestinal protective prostaglandin 
is the major cause for Gl discomfort and bleeding risk after taking NSAIDs [4]. In 
1991, the existence of a second COX enzyme isoform (called COX-2, to differen- 
tiate from the prior known one, known as COX-1) was characterized [5]. This iso- 
form was found to be inducible after immunological and inflammatory stimuli, 
thus responsible for the pathological effects of prostaglandins. A new concept of 
selective inhibition of COX-2, sparing the physiologically produced eicosanoids by 
COX-1, opened the way to a development of selective COX-2 inhibitors. Selective 
COX-2 inhibitors are considered very Gl safe NSAIDs, but some evidence of 
myocardial infarction has been attributed to these drugs from meta-analysis of 
large scale clinical trials, although if this represents a real risk is still a matter of 
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debate [6]. In addition, some indications are appearing in the literature indicating 
that more consideration is needed towards the unwanted effects at the renal system 
level [7]. These effects may be related to an inhibition of constitutively expressed 
COX-2 with important physiological functions in particular organs, such as heart 
and kidney. The prostacyclin production by this enzyme can give vascular protec- 
tion against thrombotic events. In the presence of a selective block of COX-2, the 
balance prostacyclin/thromboxane (from platelet COX-1, mainly) could be shifted 
in favour of the latter pro-thrombotic mediator [8]. After a hundred years of clin- 
ical use, aspirin is still considered as a reference drug in the treatment of inflam- 
mation. 

Nitric oxide (NO) is a small free radical gas molecule, but since the discovery of 
its participation in vascular relaxation as a part of the previously called endothelial 
derived relaxing factor (EDRF), a growing evidence for the action as an intra- and 
inter- cellular messenger has appeared in literature [9]. NO conveys biochemical sig- 
nals that result in a wide spectrum of effects on different biological systems, includ- 
ing the central nervous, cardiovascular and immune systems, but also acts as an 
important regulator of general cellular processes [10, 11]. NO can also control 
inflammatory cell activation and is active on other chemical mediators in the 
inflammatory process [12]. The formation of NO by platelets and endothelium in 
response to certain chemical stimuli has been found to play a crucial role in main- 
taining the dilation of the blood vessels. Furthermore, NO produced by blood 
platelets and endothelial cells inhibits the aggregation of platelets and the adhesion 
of platelets and white blood cells to the blood vessels’ inner walls, thereby signifi- 
cantly reducing the obstruction of blood vessels that is associated with blood clots 
and stroke. 

The discovery of different enzymes dedicated to NO synthesis (nitric oxide syn- 
thase, NOS), among them one inducible (iNOS) by inflammatory stimuli, attracted 
the interest on its role in inflammation. In addition to the effects on circulating 
blood cells as stated above, NO relaxes smooth muscle cells acting via the soluble 
guanylyl cyclase (sGC) enzyme. Furthermore, NO shows cytoprotective and vasoac- 
tive properties. It is very important to note that NO derived effects are mainly 
dependent on NO concentration at target level [13]. 



NO-donating aspirins 

NO-donating aspirins (two examples are shown in Fig. 1) stem from the idea of cou- 
pling the above-mentioned beneficial effects of NO to a classical and widely-used 
non-steroidal anti-inflammatory drug. The chemical approach consists in the use of 
a spacer arm as a linker for NO moiety to the molecule. This was the beginning of 
a new class of anti-inflammatory therapeutic agents, the NO-NSAIDs (for a recent 
review on NO-donating NSAIDs see [14]). 
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Figure 1 

Chemical structure of 2-(acetyloxy) benzoic acid 3-[(nitrooxy) methyl]phenyl ester, NCX 
4016 and of 2 -(acetyl oxy) benzoic acid 4-[(nitrooxy) methyl]phenyl ester, NCX 4040. 

A huge importance is given to the chemical structure of the spacer, because it can 
regulate the fate of the entire molecule and the kinetics of NO donation (internal 
data). 

Among NO-donating aspirins, the most studied and documented is NCX 4016, 
data originating from pre-clinical and clinical studies are available. NCX 4016 is 
therefore considered the progenitor of its class. A large body of evidence in litera- 
ture demonstrates that NCX 4016 is able to release NO in a physiological environ- 
ment, but not spontaneously. This release appears to be time and concentration 
dependent. Moreover, the demonstration that endothelial cells (HUVEC) can con- 
vey NCX 4016 into specific intracellular compartments in which NO is generated 
by enzymatic processes may account for physiological distribution of the NO 
released and therefore its protective action against apoptosis by modulating the 
mitochondrial function [15]. When administered in vivo , NCX 4016 shows a good 
correlation between the different metabolites that could be originated from the mol- 
ecule, i.e., similar peak time for plasma salycilate and nitrite/nitrate; in addition, 
these kinetics are correlated with the formation of nitrosyl-haemoglobin, an 
unequivocal index of release of NO [16]. These data suggest that NO and aspirin 
may be present at the same time, and exerting their beneficial effects in synergism 
[17]. 
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NCX 4016 - a unique safety profile for the gastrointestinal tract and the 
cardiovascular system 

One of the major characteristics that differentiate NCX 4016 from aspirin is its 
complete absence of gastrointestinal adverse events, even in the presence of a com- 
plete inhibition of gastric prostaglandin synthesis [18]. In all studies performed, 
whatever the administered dose, both in pre-clinical in vivo studies and in healthy 
subjects [19], NCX 4016 always showed a gastrointestinal sparing profile. The lack 
of irritating and damaging effect on the gastric mucosa is accompanied by a complete 
inhibition of prostaglandin synthesis in the stomach [18], and a full reduction of 
thromboxane production from human blood obtained from healthy subjects given 
NCX 4016 [19]. These evidences indicate that the COX inhibiting activity is still pre- 
sent. Many in vitro and in vivo evidences support a rationale for the gastro-protec- 
tive profile of NCX 4016 and other NO-aspirins. It is well known that in the stom- 
ach NO can stimulate mucus secretion [20] and regulate the mucosal blood flow 
[21], thus providing a cytoprotective effect at the gastrointestinal level. The release 
of NO from NCX 4016 at gastric level could be one explanation for the absence of 
damage. Furthermore, NCX 4016 was proven to induce an increase in mucosal 
blood flow and account for local/systemic gastric protection [22]; in addition, NCX 
4016 reduces the leukocyte adherence to the vessel wall of post-capillary mesenteric 
venules [23]. Finally, the gastrointestinal sparing effect could derive from the inhibi- 
tion of gastric mucosal cell apoptosis and its action on caspase activity [18]. 

The good tolerability of NCX 4016 has also been tested in animal pathological 
models referring to common disease states observed in humans, where aspirin, alone 
or in combination, could be one of the possible treatments. Unlike aspirin, NCX 
4016 is well tolerated by cirrhotic animals showing a grade of gastrointestinal dam- 
age comparable to that of normal rats. The same protective profile has also been 
seen in arthritic animals after treatment with NCX 4016 compared to aspirin [24]. 
This latter result seems to be very interesting considering a recent paper showing 
that selective COX-2 inhibitors induce gastric lesions in arthritic rats [25]. On the 
contrary, NCX 4016, despite inhibiting both COX-1 and COX-2, protects the 
stomach against damage and preserves the healing response of gastric ulcers, prob- 
ably because of the beneficial action of NO [26]. 

NCX 4016 was compared to indomethacin and aspirin in a model of gastric 
lesions induced by hypothermic stress in anesthetized rats, where an increase of acid 
secretion is present. Both classical NSAIDs not only increased the mucosal ulcero- 
genic response to stress but impaired the healing response of gastric ulcers as well. 
NCX 4016, although inhibited both COX-1 and COX-2 activity, had no deleteri- 
ous effects on gastric ulcerogenic and healing responses [27] 

Due to the high number of diabetic and elderly patients that are normally treat- 
ed with aspirin worldwide, the tolerability for NCX 4016 was also tested in strep- 
tozotocin-induced diabetic animals [28] and in older rats [29]. In both models, NCX 
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Table 1 - NO-aspirin - a unique Gl safety profile 


Experimental study (animal species) 


NCX 4016 


ASA 


Refs. 


Tolerability (rat/mouse) 


+ 


++ 


[26] 


Tolerability (rat) 


-/+ 


+++ 


[18] 


In aged animals 


-/+ 


+++ 


[29] 


In cirrhosis and arthritis (rat) 


+ 


+++ 


[24] 


In diabetes 


-/+ 


++ 


[28] 


Celecoxib cotreatment (rat; clinical study) 


- 


++ 


[30, 31] 


Gl tolerability, clinical study* 


- 


++ 


[19] 


Effective preclinical dose range (mg/kg) 


(16-249) 


(20-150) 




*Clinical dose range b.i.d. (mg) 


(400-800) 


(200-420) 





+ indicates the degree of ulcer induction 



4016 showed no increase in gastric damage after treatment, suggesting that the 
pathological state did not affect the beneficial effects of NO on the gastric mucosa. 

Preliminary evidences showed that NCX 4016 did not improve the risk of gas- 
tric damage in animals given selective COX-2 inhibitors [30, 31]. This could be very 
important in the clinical practice, where it is frequent for patients under COX-2 
inhibitors treatment, to also use some aspirin, thus increasing the risk of gastroin- 
testinal adverse effects [32]. 

On the cardiovascular side, one of the major concerns is the possible negative 
consequence caused by a rapid release of NO. A rapid and non-regulated release of 
NO could account for some important side effects such as hypotension, headache 
and dizziness; those symptoms could be seen after intake of organic nitrates (such 
as nitroglycerin) for the treatment of thoracic pain during angina attacks [33]. 

Differently from classical NO-donor like sodium nitroprusside (SNP), NCX 
4016 does not induce severe hypotension in animal models [17] or in humans [34]; 
it has to be verified whether this is related to a slow conversion of NO. These data 
are well correlated with the slow donating profile shown by the molecule in vitro. 
Very interestingly, NCX 4016 did not show interference with the enalapril activity 
in lowering systolic blood pressure, while the COX-2 inhibitor celecoxib did [34a]. 
In Table 1 major references supporting the gastrointestinal sparing profile of NCX 
4016 are summarized. 



NCX 4016 possesses potent anti-inflammatory activity 

At the cellular level, NCX 4016 was shown to remarkably inhibit several inflam- 
matory cells or inflammatory targets (such as platelets, monocytes/macrophages, 
endothelial cells, smooth muscle cells) originating from vascular tissue. 
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It is well documented that NCX 4016 acts on platelet function, impairing 
platelet aggregation induced by different stimuli, platelet adhesion and expression 
of adhesion molecules (Glycoprotein Ilb/IIIa and P-selectin) in response to thrombin 
[35]. In endothelial cells, NCX 4016 was seen to inhibit the tissue necrosis factor 
(TNF) induced apoptosis of HUVEC [36] and reduce the tissue factor (TF) expres- 
sion in monocytes from rat challenged intraperitoneally with bacterial toxin (LPS). 
This inhibition in monocyte TF expression is accompanied by inhibition of throm- 
boxane and cytokines (IL-1|3 and TNF-a) biosynthesis. Some of these effects were 
shared by isosorbide mononitrate but not by aspirin. The additive effects of nitric 
oxide release and COX inhibition may therefore help to explain the improved effi- 
cacy and tolerability of NCX 4016 [37]. Many other cellular evidences will be fur- 
ther discussed in the following paragraph centered on cardiovascular effects of NO- 
aspirins. 

NCX 4016 was also studied in animal models to assess its potency in classical 
pain and inflammation tests. In a carrageenan-induced hind paw edema study in the 
rat, NCX 4016 proved to be able to reduce the increase in the volume of the paw 
in a dose dependent manner and with a higher potency compared to aspirin [38]. In 
models of inflammatory pain (acetic acid induced abdominal contraction and for- 
malin-induced hind paw licking), NCX 4016 demonstrated similar analgesic prop- 
erties to aspirin in reducing the number of abdominal contractions in a fixed time 
range or in reducing the licking behavior. The analgesic activity was also tested with 
the tail withdrawal (“flick”) assay and again a similar pattern of anti-nociceptive 
effect was shown in both aspirin and NCX 4016, but on a weight basis NCX 4016 
is more potent than aspirin [38]. 

In summary, the evidences collected above indicate that NCX 4016 is safely 
active at doses, in which aspirin could increase the risk of adverse gastrointestinal 
events. 



Inflammation related cardiovascular pathologies and NCX 4016 

The cardiovascular profile of NCX 4016 was studied in a variety of disease models 
including thrombosis, heart infarct, and atherosclerosis in the experimental animal 
in vivo. 

NCX 4016 efficacy was evaluated in a model of pulmonary thromboembolism, 
showing that unlike its parent compound, NCX 4016 is able to reduce the throm- 
botic events and the following death in mice following i.v. injection of a mixture col- 
lagen/epinephrine or thromboxane A2 [39]. 

These evidences demonstrate that NCX 4016 is more effective than aspirin in 
protecting from ischemia-reperfusion injury, thus improving the cardiovascular pro- 
file of NCX 4016. In a rat model of coronary ischemia reperfusion under anesthe- 
sia, a decrease in infarct size in treated rat hearts and a higher percentage of survival 
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animals were observed [40]. Another study in the pig highlighted the protective 
effects of NCX 4016 in acute myocardial infarct [41]. In studies using restenosis and 
atherosclerosis animal models, NCX 4016 was shown effective in preventing neoin- 
timal and media thickening and also reduced the size of the atherosclerotic area, 
likely due to its NO-donor properties [29, 42-45]. Moreover, NCX 4016 was able 
to revert the hypertension and the related insulin resistance in eNOS deficient mice, 
by normalizing blood pressure and restoring insulin sensitivity [46] 

The NO released is responsible for the anti-proliferative activity of NCX 4016 
(as for other classical NO-donor), as shown in studies performed by Ignarro’s group 
using rat aortic smooth muscle cells [47]. This effect could again explain the activi- 
ty of NCX 4016 in in vivo models of restenosis after PTC A, where a platelet and 
leukocyte involvement in the early phase is followed by smooth muscle cells prolif- 
eration in the media of the artery. Moreover, a clear effect of NCX 4016 was seen 
in human monocytes stimulated by LPS, both through activation of COX dependent 
and independent mechanisms, showing a clear and highly significant reduction in 
thromboxane and cytokines production and release [48]. The involvement of circu- 
lating monocytes in the development and progress of atherosclerosis and restenosis 
process is well documented. The inhibitory activity of NCX 4016 on the pro-inflam- 
matory action of monocytes could therefore participate in the protective effects in 
atherosclerosis development and ischemia reperfusion injury [40, 45]. 

Therefore, NCX 4016 shows a multi-pathway anti-inflammatory effect, via both 
COX inhibition and NO dependent mechanisms, acting on multiple target cells rel- 
evant in inflammatory processes, such as platelets, monocytes, endothelial cells and 
smooth muscle cells. The full mechanisms by which NCX 4016 is acting could 
involve guanylyl cyclase dependent and independent pathways. In fact, NCX 4016 
showed inhibitory activity on nuclear factor kB (NF-kB) in diabetic animals [49]. 
NF-kB is a key signal for the transcription of inflammatory genes and consequent 
synthesis of inflammatory mediators such as cytokines, enzymes (COX-2 and iNOS) 
and adhesion molecules. 

After in vivo treatment, NCX 4016 is more potent in inhibiting Prostaglandin E 2 
plasma levels than aspirin, coupling possibly the inhibitory activity of COXI/2 
enzymes and the inhibitory activity on COX-2 expression after LPS challenge [37]. 

Preliminary clinical studies in healthy volunteers showed that NCX 4016 pos- 
sesses a full activity in inhibiting ex vivo thromboxane production and platelet 
aggregation induced by arachidonic acid [34]. In a trial using a human clinical 
model of endotoxemia following lipopoly saccharide (LPS) infusion, pre-treatment 
with NCX 4016 prevented a significant rise in soluble P-selectin whilst aspirin did 
not [50]. In addition, the pre-treatment markedly reduced plasma levels of some 
important cytokines such as Interleukin (IL)-6, IL-8, interferon y (IFN-y) and mono- 
cytes chemotactic protein-1 (MCP-1). An inhibition was also seen for other mark- 
ers of inflammation, such as matrix metalloproteinase (MMP) type 2 and 9 in sub- 
jects taking NCX 4016 [51]. Such an anti-inflammatory activity profile could 
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Table 2 - NO-aspirin - a unique cardiovascular profile 



Model (animal species) NCX 4016 ASA Refs. 



Restenosis (mouse, rat) 

Atherosclerosis (mouse) 
Thromboembolism (mouse) 

Myocardial infarct (rat, pig) 

Vein graft failure (pig) 

Insulin resistance (mouse) 

Effective preclinical dose range (mg/kg) 



+++ 


+/- 


[29, 42] 


++ 


+/- 


[43, 45] 


++ 


+/- 


[39] 


+++ 


+ 


[40, 41] 


+++ 


++/- 


[44] 


++ 

(10-50) 


(54-300) 


[46] 



explain and support the higher activity in restenosis and infarct models versus plain 
aspirin. In Table 2 major models and the efficacy of NCX 4016 compared to aspirin 
are summarized. 



NCX 4016 and NCX 4040 in colon cancer 

The observation published in 1988 by Kune et al. [52] concerning the use of 
NSAIDs and the correlation with a reduction to about half of both the incidence and 
the mortality from colon cancer, represents a fundamental step in the chemopre- 
vention and possible therapy of this GI pathology, one of the most common human 
malignancies in the world. The efficacy of NSAIDs in the prevention and/or regres- 
sion of colon cancer indicate that inflammation is a basal step in the development 
of this pathology. Moreover, several inflammatory enzymes (inducible COX and 
NOS) and mediators (cytokines) are expressed or produced in the carcinoma tissue 
[53, 54]. In addition, patients with inflammatory bowel diseases may present a 
higher risk to develop colorectal cancer [55]. 

As a possible mechanism of action, NSAIDs have been demonstrated to restore 
normal apoptosis in human adenomatous colorectal polyps and in various cancer 
cell lines that have lost adenomatous polyposis coli (APC) gene function. This class 
of compounds also inhibits angiogenesis in cell culture and rodent models of angio- 
genesis. NSAIDs have therefore been proposed as prototypical chemo-preventive 
agents against colorectal cancer [56, 57], but side effects are a major obstacle to 
their routinely use in the prevention of colorectal cancer. In fact, NSAID toxicity 
includes GI side effects (from dyspepsia to GI bleeding, and even to perforation), 
renal side effects, and a large number of additional side effects. 

Entering deeper the biochemical mechanisms, all “traditional” NSAIDs inhibit 
both COX-1 and COX-2 enzymes, affecting the cyclo-oxygenase activity, but hav- 
ing little effect on COX peroxidase activity. NSAIDs may present additional effects, 
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independent of their effect on prostaglandin synthesis. Indeed, they inhibit several 
membrane-associated enzymes, including phospholipase C activity, 12-HPETE per- 
oxidase activity, and superoxide anion; in addition they uncouple oxidative phos- 
phorylation in mitochondria [58]. 

There is a big debate whether the effects of NSAIDs on colon cancer are related 
or not to the inhibitory activity on cyclo-oxygenases. It is generally assumed that the 
anti-neoplastic effects of NSAIDs are dependent upon inhibition of COX activity 
and prostaglandin synthesis. On the other hand, there is a growing body of evidence 
that NSAIDs produce some of their effects via mechanisms that are independent of 
COX inhibition, and in addition salicylic acid and sulindac sulfone (sulindac 
metabolite originating from oxidation), both devoid of potent COX inhibitory 
effect, have been demonstrated to reduce proliferation of cancer cell lines [59, 60]. 

The result is a model of action that considers both mechanisms operating to pro- 
duce the final anti-neoplastic effect. In this model, COX-dependent and independent 
mechanisms modulate different stages of the process of carcinoma development and 
progression. The participation of both effects could account for the high efficacy of 
NSAIDs in colon cancer prevention [61]. 

With the discovery of selective COX-2 inhibitors, the relationship between 
COX-2 and colon cancer was studied and confirmed using the murine models of 
adenomatous polyposis coli [62]. COX-2 expression in intestinal epithelial cells 
increases resistance to apoptosis, promotes tumor angiogenesis, and enhances inva- 
sion and metastasis. COX-2 expression in stromal cells appears to have a role in 
tumor angiogenesis because tumor growth is attenuated when colon cancer cells are 
implanted in COX-2 knockout mice due to a decreased vascular supply to the 
tumors. 

Aspirin was found to have no effect on tumor number and size when adminis- 
tered to Mm/+ mice with established polyposis. The findings in the present study 
question the use of aspirin as a standalone treatment for established GI cancer. 
However, aspirin’s ability to significantly promote apoptosis may render it suitable 
for use in combinatorial chemotherapy. The dosage used in this study (only 
25 mg/kg) could account for the lack of efficacy of aspirin alone [63]. To confirm 
this hypothesis, it has been recently reported that low-dose ASA (150 mg) used for 
cardiac prophylaxis failed to protect patients from colon cancer [64]. 

NO-aspirins could improve the chemoprevention of colon cancer due to their 
high GI tolerability and lower extent of adverse effects, as is possible for selective 
COX-2 inhibitors particularly in tissue where this enzyme is constitutively expressed 
and participate to the tissue/organ physiological function (i.e., the kidney). 

Pre-clinical findings in various human cancer cell lines have shown that NCX 
4040 inhibited cell proliferation, induced apoptosis, and altered cell cycle phase dis- 
tribution (G2/M to G0/G1 block). In addition, it altered cellular morphology and 
induced nuclear disintegration (“atypical” cells) established by electron microscopy 
[65, 66]. From these studies, NCX 4040 appeared to be superior to traditional ASA 
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Table 3 - NO-aspirin - a promising anticancer profile 






Model (animal species/cell line) 


NO-aspirins 


ASA 


Refs. 


Colon cancer cell kinetic 


+++ 




[65] 


(HT-29 and HCT-15) 

Cancer cell line growth inhibition 


+++ 


+/- 


[ 66 ] 


(human pancreatic, prostate, lung, colon 
and tongue cancer cell lines) 

Colon carcinoma (rat) 


+++ 


++ 


[67] 


EC 50 (pM) 


(0.8-80) 


(2.5-5 x10 3 ) 




Effective oral dose range (mg/kg)* 


(15) 


( 10 ) 




*For in vivo studies only 









in inhibiting growth of various human cancer cell lines ranging from 60- to 6,000- 
fold, depending on the cell type [66]. 

An important biological question is whether NO-aspirins maintain their superi- 
or performance in vivo. The chemo-preventive effect of aspirin versus a NO- AS A 
derivative (NCX 4016) was assessed using an animal model of colon cancer [67]. It 
has been shown that NCX 4016 protects against azoxymethane (AOM) induced 
colon cancer in the rat, significantly better than aspirin (reduction of the number of 
aberrant crypt foci, the putative pre-neoplastic lesions of the colon, by 85 versus 
64%, respectively). 

A raising interest for colon cancer treatment is the presence and action of 
inducible NO-synthase in colon carcinoma tissue. It has been shown that in human 
colon carcinoma tissue there is an over expression of iNOS (confirmed by both 
mRNA and protein levels) and NO products. These observations lead to correlate 
the regulatory pathway depending upon NO with the progression and development 
of the colon carcinogenesis [68, 69]. The potential inhibition shown by NO-aspirin 
and other NO-NSAIDs on the expression of iNOS in pro-inflammatory cells [70] 
could be an added value explaining the higher efficacy with respect to aspirin. Fur- 
ther animal and clinical studies are needed to demonstrate if this pathway could be 
a major explanation for the high activity of NO-donating aspirins in colon cancer. 
Summarized in Table 3 are the most relevant models used to characterize the profile 
of NO-aspirins in colon cancer. 



Conclusions 

The wide range of results shown above highlighted the activity of NO-aspirins on 
the inflammatory reactions and inflammation-based pathologies, particularly in the 
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Aspirin 



NO-aspirins 



COXs 

inhibition 



Activity and toxicity 



Additional COXs 

anti-inflammatory inhibition 
and cytoprotective 
properties 




Activity and safety 



Figure 2 

The schema shows the actions of aspirin and NO-aspirins. The addition of the NO-donating 
moiety in NO-aspirins originates a new chemical entity with higher anti-inflammatory activ- 
ity and an improved safety profile , compared to the plain aspirin. 



GI and cardiovascular systems. NO-aspirins activity targets multiple pathways of 
the inflammatory process, ranging from COX inhibition to regulation of cytokine 
release. This unique efficacy profile is obtained exploiting both the NSAID and the 
NO-donating moiety and is not share with any other NSAID commercially available 
(Fig. 2). These encouraging data could suggest the use of NO-aspirins in the treat- 
ment of clinical conditions where inflammatory mediators among which throm- 
boxane, pro-inflammatory cytokines, adhesion molecules, and inducible enzymes 
are demonstrated to hold a key role in the disease progression, such as development 
of colorectal cancer, atherosclerosis and other inflammation related cardiovascular 
pathologies. These evidences therefore are a strong suggestion for the use of NO- 
aspirin in both prevention and treatment of diseases where the inflammatory 
process is a key step underlying both development and progression. The challenge 
for these new derivatives (NCX 4016 and the newer NCX 4040) will be the clinical 
proof of concept of their activity and safety. 
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The immune system of the bowel and oral tolerance 

Immune tolerance 

Tolerance is defined as a mechanism by which a potentially injurious immune 
response is prevented, suppressed, or shifted to a non-injurious type of response. 
Immune tolerance was traditionally divided into two categories: central tolerance, 
whereby tolerance is induced via presentation of foreign antigens in the thymus; and 
peripheral tolerance where tolerance is induced outside the thymus [1]. Tolerance 
can also be divided into “dominant” and “passive” types of tolerance based on the 
mechanisms of tolerance induction. A “dominant” type of tolerance involves pro- 
duction of suppressor cells that suppress the anti-foreign antigen immune response, 
and which can be transferred. A “passive” type of immune tolerance involves 
immune ignorance or clonal deletion and is non-transfer able [1]. Tolerance is today 
viewed as an active process. The current understanding of immunological tolerance 
does not simply distinguish between self and non-self, but also reacts to danger sig- 
nals that confront the immune system [2, 3]. Auto reactive cells, present in all indi- 
viduals and reacting with brain antigens, thyroglobulin, serum albumin, collagen 
and other auto-antigens, are not deleted. These cells, under normal conditions, 
remain harmless. Cells reactive with self may have an important function in main- 
taining tissue homeostasis. Thus, immunological tolerance, requiring an active 
process that functions during the entire life of the organism, cannot rely solely on 
neonatal deletion. 



The mucosal immune system 

The gut immune system is maintained in a state of tolerance, with antigen-specific 
suppression of the immune response to orally administered antigens [4]. The mucos- 
al immune system in the bowel is separated from a large number of diverse types of 
antigens by a single epithelial layer. Despite this constant antigenic stimulation, the 
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gut immune response is one of suppression of inflammation [4, 5]. An immune sys- 
tem that is instantly exposed to the external environment should in fact function in 
a manner that allows it to co-exist peacefully with such an environment, while still 
allowing the generation of protective immune responses against potential 
pathogens. In general, the tone of the mucosal immune system is one of controlled 
inflammatory responses or suppression. The gut, as the largest lymphoid organ in 
the body and a major source of antibody production in the body, processes a lym- 
phoid load estimated to be three to four times the size of the spleen. Tight regula- 
tory mechanisms are required to maintain homeostasis [4, 6], These regulatory 
mechanisms are established in the innate and adaptive components of the mucosal 
immune system, but there is also a role for non-immune factors as well. 

The innate immune system of the gut includes NK cells, macrophages, polymor- 
phonuclear cells, Toll like receptors, and epithelial cells [6]. The adaptive part of the 
immune system of the gut includes the intra epithelial lymphocytes, the lamina pro- 
pria lymphocytes, regulatory cytokines, secretory IgA, Peyer’s patches, and epithe- 
lial cells. The non-immune component includes mucus secretion, tight junctions, 
epithelial membranes, luminal and brush border enzymes, bile salts, pH ranges, and 
Trefoil factors [6]. Failure of any of the three host defenses (adaptive, innate, non- 
immune factors) can have direct consequences for the host, potentially allowing for 
a reactive inflammatory response, even against normal luminal constituents. Specif- 
ic cytokines such as TGF-|3 secreted by T-cells, localize in Peyer’s patches, and pro- 
mote the switching of IgM + B-cells into IgA secreting cells. The IgA produced in the 
lamina propria is transported into the lumen by an epithelial secretory component. 
This secretory component reduces the degradation of IgA in the lumen. IgA anti- 
body is capable of preventing attachment of bacteria and viruses to the epithelial 
surfaces [4]. 



Immune homeostasis in the bowel 

The gut immune system in the lamina propria is maintained in a chronic state of 
controlled physiologic activation of lymphocytes and macrophages. Epithelial cells 
are the source of a number of factors that affect the ability of luminal contents to 
gain access to the underlying MALT (mucus production, brush border enzymes, 
transport of secretory IgA), as well as providing a strong physical barrier to these 
same constituents (dietary, bacterial and viral antigens). These functional properties 
of the epithelium are a dynamic process, affected by cells and factors produced in 
the local micro-environment. These include cells in the epithelial space as well as in 
the lamina propria (LPL, macrophages, enteric nervous system, [5, 6]). 

The cross talk between the various components of the defense mechanisms in the 
bowel is a critical factor of the control mechanism. The immune system in the gut 
has a unique capability to remain controlled in the setting of an enormous antigenic 
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load. Both the innate, adaptive, and non-immune components of the immune sys- 
tem can contribute to immunological non-responsiveness. It is the co-ordination of 
these specific components that optimize “physiologic inflammation” [6]. The term 
“physiologic inflammation” defines a state of activation of cells in the lamina pro- 
pria under normal non-stressed conditions. Within a short period of time following 
birth, the lamina propria of the gut is replete with memory/activated T-cells, B-cells 
and macrophages. These cells express activation markers (IL-2R) and spontaneous- 
ly secrete cytokines [6]. Although this type of a response is considered chronic 
inflammation in any other organ, it is normal in the gut. The MALT becomes acti- 
vated to a point, and remains at a steady state. Even during acute infections, there 
is a transient increase in the inflammatory cell infiltrate, with a rapid restoration of 
the baseline-activated state. This process is tightly regulated, whereby every aspect 
of the soluble and cellular micro-environment is either geared towards facilitating a 
non-response or inhibition of a response. Both non-immune and immune factors 
contribute to this effect. In the absence of a mucus barrier, inflammatory responses 
to nonoxious stimuli are enhanced. Lack of a response to an antigen may occur, 
when an antigen is either physically prevented from gaining access to the underly- 
ing lymphoid tissue, or physically or chemically altered to a point of non-antigenic- 
ity [4, 6]. 



Oral tolerance 

Oral tolerance has classically been defined as the specific suppression of cellular 
and/or humoral immune responses to an antigen by prior administration of an anti- 
gen by the oral route [2, 3]. Dr. Peyer published the first description of lymphoid 
structures in the gut in 1677. In 1911, Dr. Wells fed hens’ proteins to chickens and 
found them resistant to anaphylaxis when challenged [7]. In 1946, Dr. Chase pub- 
lished the observation that guinea pigs fed with contact-sensitizing agent showed 
decreased skin reactivity to this agent [8]. The induction of a state of specific toler- 
ance is a physiological response to food antigens and commensal flora. In contrast, 
antigens associated with pathogens or inflammation; elicit potent immune respons- 
es in the gut, indicating that the mucosal immune system can distinguish between 
potentially harmful and innocuous antigens [9, 10]. Oral tolerance and priming are 
effective both locally and systemically [10]. Thus, decisions made by the mucosal 
immune system about orally delivered antigens, can have profound implications. 
The basis of the decision making process in the mucosal immune system - where this 
occurs, and how it can affect both local and systemic responses - is unclear. Anti- 
gen uptake and presentation appear to be critical factors in this process. Both the 
humoral and cellular limbs of the immune response are affected by oral tolerance. 

Oral tolerance is being exploited as a therapy for autoimmune diseases, with oral 
delivery remaining a goal of most vaccine programs. Induction of oral tolerance has 
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been shown to prevent or alleviate immune mediated disorders in animals, such as 
collagen-induced-arthritis, experimental allergic encephalomyelitis, systemic sclero- 
sis, contact dermatitis, diabetes mellitus, graft versus host disease, and myasthenia 
gravis [11-15]. Oral tolerance has been tested in humans for treatment of several 
autoimmune diseases such as rheumatoid arthritis, diabetes mellitus, uveitis, thy- 
roiditis, and multiple sclerosis [16-18]. 

Although oral feeding of an antigen is well established as a method of immune 
tolerance induction, the exact mechanism has yet to be discovered. Orally adminis- 
tered antigens encounter the GALT (gut associated lymphoid tissue), a well-devel- 
oped immune network consisting of lymphoid nodules, termed Peyer's patches, villi 
containing epithelial cells, intraepithelial lymphocyte (IELs) and lymphocytes scat- 
tered throughout the lamina propria. Although dietary antigens are degraded by the 
time they reach the small intestine, studies in humans and rodents have indicated 
that degradation is partial, and some intact antigen is absorbed. Fed antigens are 
being processed and absorbed through the portal circulation, leading to re-educa- 
tion of the immune system [2, 11]. Conflicting results as to whether an antigen has 
to be processed and/or absorbed, and whether protein denaturation is necessary for 
tolerance induction, have been published [11]. Intravenous administration of denat- 
urated proteins induced tolerance similar to that produced by the feeding of whole 
native protein [19]. Antigen presentation may require whole proteins to be present- 
ed into the bowel; however protein processing and absorption may also be involved 
in tolerance induction, or in its maintenance via post-gut mechanisms [10]. Gut wall 
epithelial cells, Peyer’s patches, mesenteric lymph node, or extraintestinal cells; have 
been suggested as mediators of immune tolerance induction [10]. Several cells capa- 
ble of antigen presentation exist in the GALT. These include M cells, macrophages, 
dendritic cells, B-cells and epithelial cells (Fig. 1). 



Mechanisms of oral tolerance 

Dendritic cells (DCs) have been shown as the major intestinal antigen-presenting 
cells (APCs), which can acquire and process orally administered antigen [2]. At least 
some of the regulatory cells generated in the gut are not dependent on unique T-cell 
receptors, or MHC restriction, but rather, are conventional T-cells whose major dif- 
ference relates to their cytokine profile. The profile appears stable and is uniquely 
generated, dependent on the environment in which they have been induced. The gut 
micro-environment, rich in TGF-|3 and Th2 cytokines, may function as a promoter 
of the preferential differentiation of T-cells stimulated there [2]. TGF-|3 promotes 
Th2 and Th3 type immune deviation by altering accessory signals on APCs, by 
impairing the ability of macrophages to produce IL-12 and express CD40. In con- 
trast to Thl and Th2 cells, Th3 cells provide help for IgA production and primari- 
ly secrete TGF-|3. TGF-|3 itself can enhance the differentiation of Th3 cells, a process 
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Figure 1 

Re-education of the systemic immune system via oral administration of an antigen. 



that can be embraced by IL-10 or anti IL-12 [2, 10]. Epithelial cells preferentially 
trigger CD8 + regulatory T-cells [2]. Th2 cells are preferentially generated in the 
GALT. The intestinal mucosa has high basal levels of IL-4, IL-10, and TGF-|3 expres- 
sion, and shortly after oral administration of antigen, their expression is upregulat- 
ed. This cytokine micro-environment may be crucial for the induction of Th2 or 
Th3 (TGF-|3 secreting cells) in the gut. APCs provide co-stimulatory signals needed 
for T-cell activation. B7.1 and B7.2 are the most important co-stimulatory mole- 
cules. B7.2 has been shown to be critical for Th2-type cell differentiation [2]. Oral 
antigen preferentially generates a Th2 (IL-4/IL-10) or a Th3 (TGF-|3) type of res- 
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Figure 2 

Dose dependent mechanisms of oral tolerance. Dose relationship is modified by antigen 
structure , dose frequency, and adjuvants. 



ponse. Th3-type cells are a unique T-cell subset, which primarily secrete TGF-J3, pro- 
vide help for IgA and have suppressive properties for Thl and other immune cells. 

The mechanism of oral tolerance induction is dose dependent [10, 11]. Low 
doses of antigen result in the generation of antigen-specific regulatory cells (Fig. 2). 
Several factors may affect the generation of regulatory cells, including co-stimula- 
tion requirements, the cytokine milieu in which the immune response is generated, 
and differential generation of epitopes, which preferentially trigger certain regula- 
tory cells. High doses of orally administered antigen result in anergy, clonal deletion, 
or receptor down-regulation. The degree to which clonal anergy/deletion occurs fol- 
lowing high doses of antigen, represents a direct passage of small amounts of anti- 
gen into the systemic or portal circulation, or is dependent on filtration by the gut 
[2, 4]. Anti-B7.2, in contrast to anti-B7.1, blocks low-dose, but not high-dose oral 
tolerance. High-dose oral tolerance is blocked by anti-CTLA-4. CD25 + CD4 + regu- 
latory T-cell function also appears to be related to TGF-(3 [2, 10]. 
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Bystander effect in tolerance induction 

Another important mechanism for oral tolerance induction is a bystander effect, 
achieved via feeding of closely related antigens, which induce an immune-sup- 
pressed state towards the target antigen [3]. Regulatory T-cells generated by oral 
antigen are triggered in an antigen-specific mode, but induce suppression in an anti- 
gen non-specific manner. These cells may mediate bystander suppression when they 
encounter the fed auto-antigen at the target organ [2]. Thus, mucosal tolerance can 
be used to treat inflammatory processes that are not autoimmune in nature. As reg- 
ulatory cells secrete non-antigen specific cytokines after triggering by a fed antigen, 
they suppress inflammation in the micro-environment where the fed antigen is local- 
ized. Clinical trials performed in humans with various immune-mediated disorders 
use bystander antigens for this purpose [18]. In these studies, the orally administered 
antigens were related, but not identical to, the actual antigenic target of the autoim- 
mune disease. Specificity of the antigen regulates its uptake and presentation pat- 
terns at the levels of gut epithelial or other antigen presenting cells of the gut-asso- 
ciated lymphoid tissue. Lack of specificity of fed antigens may have been responsi- 
ble for these failures [2, 10]. 

Defining the normal pathways of immune and non-immune interaction con- 
tributes to our understanding of potential defects that exist in IBD. Failure of regula- 
tory pathways in the bowel can result in chronic active inflammation. Oral tolerance 
induction may be used to correct defects in the regulatory mechanisms in the gut. 



Oral immune regulation: Down-regulation or augmentation of the immune 
response 

Oral administration of an antigen can sometimes elicit epitope-specific immunity 
[19-21]. Side-by-side with immunosuppressive-cytokine-secreting cells (e.g., TGF-|3) 
that appear after oral tolerization, a second population of cells, secreting pro- 
inflammatory-cytokines (e.g., IFN-y can be found in the gut wall, mainly in Peyer’s 
patches [2, 10]. It was suggested that orally administered antigen elicits a local pro- 
inflammatory response, IFN-y-mediated, in the gut mucosa, along with a systemic 
TGF-|3 and IL-4-mediated anti-inflammatory response [11]. Currently, some mucos- 
al immunologists are using the term “oral immune regulation”, rather than “oral 
tolerance”. Oral immune regulation is a complex process that involves suppression 
of some immune responses and the induction of others (Fig. 3). Thus, an under- 
standing of oral tolerance and its use for the treatment of autoimmune or inflam- 
matory diseases, involves defining the basic immunologic events that occur when 
antigen encounters the GALT. Antigen may act directly at the level of the GALT, or 
have an effect following absorption. Both the induction of sub-populations of lym- 
phocytes, and the suppression of others, can occur towards the fed antigen. It is the 
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Figure 3 

Oral immune regulation: The balance between immunity and tolerance. 



balance between these populations of cells that determines the net antigen specific 
immune response. 

In this regard, oral tolerance and mucosal immunization are part of one 
immunologic continuum that are ultimately explained in the context of how an anti- 
gen-presenting cell interacts with a T-cell in the GALT, or following its absorption; 
and the factors which modulate and regulate this response. Several factors deter- 
mine the immunologic outcome following oral antigen administration. These 
include antigen dose, nature of the antigen, innate immune system, genetic back- 
ground and immunological status of the host, and mucosal adjuvants [2, 10]. Recent 
data from studies in oral immune regulation towards viral antigens has shed some 
light on this complex mechanism. 



Oral tolerance towards adenoviruses 

One example of the complexitiy of the immune response towards orally adminis- 
tered antigens is in its response towards viruses. The first studies of tolerance 



116 



Oral tolerance for treatment of Gl inflammation 



induction towards viral antigens were described in the adenovirus-mediated gene 
therapy system. Recombinant adenoviruses have high efficiency of gene transfer 
into non-dividing cells, but transgene expression is of limited duration because the 
virus is episomal. In addition, host immune response further limits transgene 
expression and precludes expression after reinjection of the virus [22]. Induction 
of oral tolerance was shown to overcome anti-viral immunity along with cellular 
and humoral immunity. The Gunn rat was used as the model for gene therapy for 
metabolic disorders in these studies. This rat is a genetic and metabolic model of 
Crigler Najjar syndrome Type I. Inherited deficiency of bilirubin-UDP-glucurono- 
syl transferase (BUGT) causes Crigler Najjar Syndrome Yype I. The recombinant 
adenovirus used in these studies expresses the human BUGT gene driven by a CMV 
promoter. To test whether the host immune response can be abrogated by enteral 
administration of adenoviral antigens, Gunn rats received via a gastrojejunostomy 
tube, 10 low doses of adenoviral protein extracts, given on alternate days for three 
weeks [23]. Control rats were fed with the same dose of bovine serum albumin. 
After completion of the enteral protein administration, 5 x 10 9 pfu of a recombi- 
nant adenovirus expressing either human BUGT X (Ad-hBUGTj) or E. coli p-galac- 
tosidase (Ad-LacZ) was injected intravenously on days one and 98. In the control 
group, serum bilirubin levels decreased after the first injection, but the effect was 
transient. In this group, subsequent injection again failed to reduce serum bilirubin 
levels. In contrast, rats fed with viral proteins showed serum bilirubin levels that 
were markedly reduced for a longer period following the first virus injection. A sec- 
ond injection led to reinduction of the hypobilirubinemic effect. BUGT 2 was 
expressed in the liver, and serum bilirubin levels were reduced from 6.9 to 2.1 mg/ 
dl in one week. After two months, serum bilirubin increased gradually. A second 
dose of the virus on day 98 markedly reduced serum bilirubin levels again. A sub- 
sequent injection of Ad-LacZ led to positive p-galactosidase staining in >90% 
hepatocytes [23]. The great majority of the rats in the orally tolerized group did 
not develop detectable levels of anti-adenovirus antibodies. In those that did, the 
antibody titers were low enough not to interfere with gene expression after rein- 
jection. In contrast, all control rats developed high titers of the neutralizing anti- 
bodies. Cytotoxic lymphocytes can clear virally infected cells after the first injec- 
tion of the virus. The cellular immune response was markedly down-regulated in 
the tolerized rats. In contrast, marked killing activity was observed when control 
lymphocytes were tested. Liver biopsies taken from control non-tolerized rats fol- 
lowing two recombinant adenovirus injections, showed severe intrahepatic lym- 
phocytic infiltration. In contrast, almost completely normal liver biopsies were 
observed in orally tolerized rats. Serum TGF-pi levels were increased in the toler- 
ized rats, and TGF-pi was produced by lymphocytes from these rats (but not from 
controls), upon exposure to the viral antigens in vitro. In addition, the expression 
of IL-4 and IL-10 mRNAs by these lymphocytes was increased, whereas IFN-y 
expression became undetectable. 
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Thus, oral tolerization with low dose adenoviral antigen extracts permits long- 
term gene expression after repeated adenovirus-directed gene transfer, and may be 
useful in adenovirus-mediated gene therapy [23]. This mode of tolerance induction 
was found to be superior to other methods used for induction of tolerance towards 
viruses [24-27]. Furthermore, as demonstrated by a variety of oral tolerance mod- 
els, this suppression was associated with the development of antigen specific T-cells, 
secreting Th2 cytokines and TGF-|3. In addition, there was a marked down-regula- 
tion of Thl -cytokine production [23]. 



Oral tolerance in the presence of pre-existing immunity 

Clinical application of oral tolerance requires its induction in the presence of pre- 
existing immunity. Many adult subjects have pre-existing neutralizing antibodies 
and cytotoxic lymphocytes (CTLs) against adenoviruses. Injection of a recombinant 
adenovirus in these subjects would be expected to produce a strong secondary 
immune response, resulting in rapid clearance of the virus and CTL invasion of the 
tissues infected by the recombinant virus. Therefore, we wanted to determine 
whether oral tolerization could prevent the secondary “booster” response evoked by 
administration of an adenoviral vector into an animal with pre-existing antiaden- 
o viral immunity [28]. To test whether pre-existing antiviral antibodies can be down- 
regulated by enteral administration of adenoviral antigens, we immunized bilirubin- 
UDP-glucuronosyltransferase (BUGTj) -deficient jaundiced Gunn rats with a recom- 
binant adenovirus (5xl0 9 pfu/rat) expressing the human BUGT 1 gene 
(Ad-hBUGTj). All rats developed cellular and humoral immune responses. Follow- 
ing this injection, mean serum bilirubin levels were reduced from 7.0 mg/dl to 
2.3 mg/dl in seven days and then progressively increased to pre-treatment levels in 
six weeks. All recipients developed high titer (1:2 15 ) neutralizing antibodies. To 
reduce the antibody titer, we instilled low dose protein extracts of a recombinant 
adenovirus type 5 via gastroduodenostomy tubes 10-40 days after the initial virus 
injection. Control rats received bovine serum albumin (BSA). A second AdhBUGT 1 
injection was given 72 days after the first injection. All the control rats, fed with 
bovine serum albumin, developed higher anti-viral antibody titers following the sec- 
ond virus injection. Conversely, in the tolerized rats fed with viral proteins, dow-reg- 
ulation of the anti-adenovirus humoral immune response was achieved. Their anti- 
body titers gradually decreased to 1 : 2 4 and were low enough not to interfere with 
gene expression after virus reinjection. Moreover, in the tolerized rats, virus reinjec- 
tion did not lead to secondary humoral immune response. The cellular immune 
response was down-regulated in the tolerized rats fed with the viral proteins. In con- 
trast, marked killing activity was observed when lymphocytes from the controlled 
non-tolerized rats were tested. Expression of the hBUGT gene in previously immu- 
nized rats was measured by testing serum bilirubin levels at various time points after 
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virus injections. In the control group rats injected with the recombinant virus 
expressing the human BUGT gene, and fed with bovine serum albumin; serum 
bilirubin levels decreased after the first injection, though the effect was transient. 
Subsequent injection in this group failed to reduce serum bilirubin levels again [28]. 
In contrast, in those rats injected with a recombinant virus and fed with the viral 
protein extract, serum bilirubin levels were reduced after the first virus injection, 
whereas a second injection led to reinduction of the hypobilirubinemic effect. 

Lymphocytes from the tolerized rats expressed TGF-|3 upon exposure to antigen- 
presenting cells primed with adenoviral antigens, while IFN-y expression was abol- 
ished. In contrast, lymphocytes from BSA-treated rats overexpressed IFN-y while 
TGF-(3 expression was undetectable. In the adenovirus-fed tolerized rats, but not in 
BSA treated controls, the second Ad-hBUGTj injection induced hepatic hBUGT 1 
expression resulting in a hypobilirubinemic response similar to that seen with the 
first injection [28]. These studies showed that tolerization to recombinant aden- 
oviruses by enteral administration of the major adenoviral structural proteins into 
preimmunized rats, prevent the secondary booster response. 



Down-regulation or augmentation of the immune response towards orally 
fed antigens 

A similar effect was recently shown in the hepatitis B virus (HBV) murine model. 
Results of experimental infection in cultured hepatocytes, and the presence of 
asymptomatic carriers of HBV, indicate that the virus itself is non-cytopathic, and 
suggest that the anti-viral immune response may be accountable for both viral clear- 
ance and severity of hepatitis [29]. The host anti-viral response is a critical determi- 
nant of the pathologic consequences of the infection [29]. In the context of the cur- 
rent understanding of immunological mechanisms involved in HBV-mediated liver 
injury, it is likely that chronic HBV-associated inflammation of the liver is a result 
of an imbalance between two types of immune responses. The first is an effective 
anti-viral immune response that clears the virus and suppresses immune-mediated 
liver damage. The second is a non-effective immune response that enhances viral 
replication and/or liver damage [29]. Both quantitative and qualitative differences 
may be held accountable for various types of responses in different patients. Fol- 
lowing HBV infection, the majority of patients develop an effective anti-viral 
response that leads to viral clearance and long-lasting anti-viral immunity [30]. Indi- 
viduals with acute self-limiting HBV infection mount vigorous polyclonal and multi- 
specific Th and CTL responses to epitopes within the HBV envelope (HBe), nucleo- 
capsid, and polymerase proteins. In contrast, HBV-specific immune response is 
weak or undetectable in the blood of chronically infected patients [30]. In these 
patients, the immune response fails to clear the virus, and continues to be directed 
at the infected hepatocytes, leading to chronic liver disease [29]. The degree of intra- 
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hepatic HBV inflammatory leukocytic infiltrate is regarded as a histologic hallmark 
of the severity of chronic hepatitis B. It has been postulated that the HBV-specific 
immune response is too weak to eliminate the virus from all infected hepatocytes. 
At the same time however, the response is sufficiently strong to continually destroy 
HBV-infected hepatocytes and to induce a chronic inflammatory liver in persistent- 
ly infected patients [30]. As the net balance between an effective and ineffective sub- 
type of immune responses towards the virus determines viral growth and liver dam- 
age, it would appear to be appropriate to treat these patients by inducing antigen- 
specific immune regulation to HBV. 

It was recently demonstrated that oral administration of low doses of 
HBsAg+PreSl+PreS2 induced peripheral immune tolerance and down-regulated a 
pre-existing anti-HBV immune response in a mouse model system [31]. A recent 
study in humans aimed to determine the safety and efficacy of treatment of chronic 
HBV subjects by oral administration of HBV envelope proteins. Forty-two chronic 
HBV subjects were treated orally with HBV envelope proteins (HBsAg+preSl + 
preS2), three times a week for 30 weeks, and followed for an additional 20 weeks. 
Patients were monitored for HBV-DNA levels, liver enzymes and liver histology as 
primary end points. HBV-directed T-cell immune modulation was assessed in vitro 
by: HBV-specific T-cell-proliferation, cytotoxicity, IFN-y and IL-10 ELISPOT 
assays, and RT-PCR cytokines assay. Oral immune regulation induced a favorable 
response in one of the primary endpoints in 28/42 patients (66.6%). A significant 
decrease in viral load was observed in 15 patients (35.7%). HBsAg/HBcAg biopsy 
scores improved in 41% and 57.1% respectively. Histological improvement in liver 
necroinflammatory score was noted in 12/40 patients (30%). Five out of nineteen 
HBeAg-positive patients (26.3%) became negative for HBeAg. A favorable aug- 
mentation in anti-HBV-specific T-cell response, with increased HBsAg-specific T-cell 
proliferation (78%), cytotoxicity (75%), and IFN-y-positive T-cell clones (62.9%) 
was noted. In addition, a decrease in the IL-10 y-positive T-cell clones was achieved 
(48.1%). NKT lymphocytes increased significantly in all treated patients. Thus, 
immune regulation of the anti-HBV immune response via oral administration of 
HBV-envelope proteins alleviated the immune-mediated liver injury while augment- 
ing the effective anti-viral immunity [32]. 

The results of this study show that HBV-specific T-cell immune modulation can 
be elicited via oral administration of HBV envelope proteins to chronically infected 
individuals. This new concept, of oral immune regulation towards the virus, alleviat- 
ed the disease, while leaving the general immunological defense of the recipient intact. 
The anti-viral effect achieved in these patients was mediated via augmentation of an 
anti-HBV Thl (IFN-y)-mediated response along with a decrease in the Th2 (IL-10) 
response. A response to therapy involved a quantitative increase in IFN-y mediated 
anti-HBV immune response, or a qualitative change in the Thl/Th2 balance [32]. 

Two explanations may elucidate the results of these studies. The first is induc- 
tion of immune tolerance. Oral immune regulation towards HBV proteins may have 
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altered the immune deviation, thus removing a deleterious T-cell population (IL-10 
producing), and thereby uncovering a more efficacious response (anti-viral IFN-y 
producing). The second possible explanation is induction of immunity. Oral 
immune regulation may have enhanced the effect of a beneficial subset of T-cells 
towards the fed antigens. It is also possible that down-regulation of viral growth 
occurred via both augmentation of an effective anti-viral immunity and/or suppres- 
sion of a pro-viral response. Similar approaches were recently described towards 
Schistosoma mansoni infection, in which the immune response to parasite eggs in 
the intestine and liver is responsible for the disease [33]. Inherent in this concept is 
the understanding that pathology is not essential for the development of a protec- 
tive response. As it is not always possible to separate pathology from protection, it 
might not always be possible to determine the role of different antigens and/or sub- 
sets of T-cells in the induction of each response. 



Oral tolerance for experimental colitis 

The immune system and IBD 

The current understanding of IBD is that in a genetically predisposed host, a 
pathogen or non-pathogenic will activate an abnormal mucosal response, which 
cannot be regulated [6]. The defect can be at two levels: an inability to control an 
initial response to normal luminal contents, and subsequent failure of down-regula- 
tory mechanisms to become activated (initiation and perpetuation). In most cases 
antigen is required to initiate the disease [6, 34]. The persistence of normal flora 
may contribute to the perpetuation of the disease. In patients with IBD, both defects 
in the host immune response and in host non-immune defense mechanisms, such as 
abnormalities in mucin production, have been noted. All of these defects may be 
interrelated; it is however intriguing to postulate that the problem at any level of 
control of inflammation may result in the default pathway of mucosal inflammation 
[6, 34]. Thus, in patients with IBD, regulatory/tolerance mechanisms may be defec- 
tive. Chronic intestinal inflammation and also the related systemic manifestations 
may be due to an overly aggressive immune response to luminal bacterial con- 
stituents mediated by Thl lymphocytes and macrophages. Predisposing factors are 
genetic dysregulation of immune response and barrier function, with onset triggered 
by environmental stimuli [35]. 

It is now generally accepted that IBD has an immunological basis and results 
from a hyper responsive state of the intestinal immune system. Substantial progress 
has been made in our understanding of regulatory mechanisms of the intestinal 
immune system and their permutations in IBD at the molecular level. Abnormalities 
of T-cell-mediated immunity, including cutaneous anergy and diminished respon- 
siveness to T-cell stimuli, have been described in these patients. In addition, changes 
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in mucosal cell mediated immunity were identified, including increased concentra- 
tions of mucosal IgG cells and changes in T-cell subsets, suggesting antigen stimula- 
tion [35-38]. The initial mucosal insult leads to production and release of pro- 
inflammatory cytokines with attraction of more immune cells and disruption of 
mucosal integrity. Exposure of specific epitopes on diseased bowel mucosa via toxic, 
infectious, or immune mediated effects, is a possible mechanism in the pathogenesis 
of IBD. Patients with IBD have antibodies that react with colon tissue extracts, and 
such antibodies recognize specific colonic proteins. Auto-antibodies specific to a 
95 kDa microvillar actin-binding protein, villin, are highly prevalent in IBD 
patients. Preferential expression of the chemokine ENA-78 in the intestinal epithe- 
lium of patients with IBD may result in attracting inflammatory cells to the diseased 
bowel [35-42]. Exposure of target antigens after infection, immune, or toxic dam- 
age, leads to activation of mucosal immune cells, resulting in cytokines that lead to 
mucosal inflammatory response. 

IBD can be envisioned as a dysbalance between pro-inflammatory and anti- 
inflammatory cytokines. Recent studies showed that in vitro stimulated cells from 
inflamed mucosa produce increased amounts of IFN-y and IL-2, and reduced 
amounts of IL-4. Secretion of pro-inflammatory cytokines such as IFN-y contributes 
to an increase in mucosal permeability, and has been described in animal models of 
IBD [43]. It was shown that if anti-IL-12, anti-TNF-a or anti-IFN-y antibodies were 
administered at the time of colitis induction, the disease could be prevented [44]. 
Administration of anti IL-12 antibodies to TNBS treated mice led to a striking 
improvement in both the clinical and histological component of the disease. Lami- 
na propria lymphocytes from anti IL-12 treated mice failed to secrete IFN-y upon in 
vitro stimulation [44]. It was recently shown in both animals and humans, that anti- 
inflammatory cytokines such as IL-10, down-regulate the pro-inflammatory effects 
of Thl -mediated cytokines, thereby alleviating the disease [45-49]. 

Immunosuppressive regimens have shown clinical and histological improvement 
in IBD patients. However, these drugs are associated with short-term and long-term 
complications. The advancing knowledge regarding the biology of chronic inflam- 
mation has led to the development of specific biological therapies that mechanical- 
ly target individual inflammatory pathways. Over the last five years, several new 
immunomodulatory therapies were tested in animal models as well as in patients 
with IBD [34]. However, all of these treatments are non-antigen-specific. Thus, they 
may have unwanted effects in the immune response in the bowel, as well as system- 
ically. The induction of oral tolerance for the treatment of IBD can be viewed as an 
attempt to correct the defect in regulatory T-cells, or other defects in the regulatory 
process in the gut-associated and/or systemic immune system. Oral tolerance induc- 
tion has the advantage of being antigen specific. Thus it may not have an effect on 
the systemic immune system, as well as on the response towards other epitopes in 
the GALT. In both celiac disease and Crohn’s disease, the pathogenesis may be the 
result of a breakdown in oral tolerance to wheat gluten, and to antigens from com- 
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mensal bacteria, respectively. Re-establishment of tolerance via administration of 
the disease-associated or closely related antigens, may lead to recovery. Oral toler- 
ance was recently shown to be effective in a murine model of Crohn’s disease [50]. 
Induction of specific tolerance towards colitis antigens could potentially allow for 
long-term alleviation of the disease, thereby leaving the general immunological 
defense of the recipient intact. 



Induction of oral tolerance towards colitis proteins 

Several animal models of chronic inflammatory immune responses have been estab- 
lished. These include rats carrying the transgenes for HLA B27 and (32-microglobu- 
lin, and mice in which genes for IL-2, IL-10, and alpha and beta chains of T-cell 
receptors are absent [43-48]. A Thl mediated granulomatous colitis model has been 
established by the adoptive transfer of normal CD45RB T-cells from Balb/C mice 
into CB-17 SCID mice [48]. Recent studies on the use of oral tolerance in experi- 
mental colitis employed normal rats and mice treated with 2,4,6-trinitrobenzene sul- 
fonic acid (TNBS). The TNBS colitis model involves the rectal application of low 
doses of TNBS and results in chronic transmural colitis with severe diarrhea, weight 
loss and rectal prolapse, and mimics some of the characteristics of Crohn’s disease 
in humans [44, 51-53]. The colon of these mice on day seven is marked by infiltra- 
tion of CD4 + T-cells with high levels of IFN-y. Isolated lamina propria CD4 + T-cells 
exhibits a Thl pattern of cytokine secretion, with an increase in IFN-y and IL-2 and 
a decrease in IL-4 secretion [44]. This type of experimental colitis, similar to the 
human disease, is a Thl -mediated immune disorder resulting in life-long inflamma- 
tory response against the colon. 

Several studies recently determined whether, in the treatment of experimental 
colitis, induction of oral tolerance towards colitis-extracted proteins could be used 
to abrogate the host anti-colon immune response. In these studies, colitis was 
induced by rectal instillation of tri-nitro-benzene sulfonic acid (TNBS). Colon 
removed from TNBS-induced-colitis rats was cut into small strips, and mechanical- 
ly homogenized. Proteins were quantified and colitis-extracted proteins (CEP) were 
introduced to the experimental groups using a feeding atraumatic-needle every other 
day for 11 days (a total of five doses). Treated rats were fed with five oral doses of 
colitis-extracted proteins every other day. Control rats were fed with bovine serum 
albumin [50]. Evaluation of the effects of tolerance induction on experimental coli- 
tis was performed via : 

1) Clinical assessment of colitis: Diarrhea was followed daily throughout the study; 

2) Macroscopic score of colitis: Colitis assessment was performed 10 days after col- 
itis induction using the following standard parameters: rats were sacrificed and 
colon was removed. The percentage of the total colonic wall that was injured, 
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and colon weight, were measured. Four additional parameters were determined, 
namely: degree of colonic ulcerations, intestinal and peritoneal adhesions, wall 
thickness, and degree of mucosal edema. Each parameter was graded on a scale 
from 0 (completely normal) to 4 (most severe); 

3) Grading of histological lesions: For histological evaluation of inflammation, dis- 
tal colonic tissue (last 10 cm) was removed and fixed. The degree of inflamma- 
tion on microscopic cross sections of the colon was graded semiquantitatively 
from 0 to 4 as follows: Grade 0: normal with no signs of inflammation; 

Grade 1 : very low level of leukocyte infiltration; 

Grade 2: low level of leukocyte infiltration; 

Grade 3: high level of infiltration with high vascular density, and thickening of 
the bowel wall; 

Grade 4: transmural infiltrates with loss of goblet cells, high vascular density, 
wall thickening, and disruption of normal bowel architecture. 

4) Serum TGF-(3 and IFN-y levels were measured by a “sandwich” ELISA. 

Induction of oral tolerance towards colitis extracted proteins alleviated experimen- 
tal colitis. Throughout the study period, a marked decrease in diarrhea was 
observed in tolerized rats, as compared with non-tolerized controls. Percentage of 
colonic area showed that the macroscopic injury decreased to 57% in tolerized rats 
versus 72% in controls, and the mean colon weight was 1.6 gr. compared to 2.2 gr. 
in controls (p = 0.02). In tolerized rats, degree of colonic ulceration, intestinal and 
peritoneal adhesions, and wall thickness, improved significantly (p<0.05, [50]). 
The total score of all macroscopic parameters tested were 1.01 in tolerized rats com- 
pared with 2.11 in non-tolerized controls (p = 0.001). Histologic evaluation of 
bowel tissue 10 days after induction of colitis showed marked reduction in inflam- 
matory response and mucosal ulceration: (1.34 versus 3.66 in tolerized versus non- 
tolerized controls, receptively). In 4/20 recipients tolerized by enteral administration 
of colitis extracted-proteins, the colons were determined to be almost normal by his- 
tologic examination. In the remainder of these rats, only minimal lymphocytic infil- 
tration was detected. In contrast, severe inflammatory reaction (grade 3-4) was 
observed in bowel specimens taken from non-tolerized control rats (Fig. 4). 

Serum TGF-|3 levels increased to 81 + 16 ng/ml 10 days after induction of colitis 
in tolerized rats, compared with 24 + 6 ng/ml in non-tolerized control rats, 
p< 0.0005). In contrast, serum IFN-y levels decreased markedly in tolerized rats 
(37.8 + 4 pg/ml), compared with 154 + 28 pg/ml in non-tolerized control rats. Oral 
tolerance towards colitis extracted proteins thus down-regulates the anti-colon 
immune response, thereby enabling effective treatment of experimental colitis. Tol- 
erance is induced by suppressor lymphocytes, the transfer of which prevents the 
development of colitis in naive animals. Tolerance is mediated by induction of Th2 
type cytokines and inhibition of Thl type cytokine secretion [50]. As the CEP being 
administered includes many unidentified proteins, the results of the present study do 
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Figure 4 

The effect of oral tolerance induction towards colitis extracted proteins on experimental col- 
itis in tolerized (A) and control (B) animals 



not enable drawing final conclusions as to the exact mechanism of tolerance induc- 
tion. 

It was recently shown that TNBS-induced colitis could be prevented by TGF-(3 
mediated oral tolerance in mice fed with a mixture of colonic proteins exposed to 
TNBS in vitro (haptenized colonic proteins, HCP [51, 54-58]. In some of these stud- 
ies however, only the preventive role of oral tolerance was documented, and the 
ability to treat active colitis by tolerance induction was not shown. This preventive 
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effect was mediated via the generation of suppressor cells producing TGF-(3 and Th2 
type cytokines after the administration of oral proteins. Peyer’s patches and lamina 
propria CD4 T-cells from these mice, when stimulated with anti CD3/anti CD28, 
had a five fold increase in their production of TGF-|3, and secreted high levels of IL- 
4 and IL-10, but lower levels of IFN-y, as compared with T-cells from control mice 
fed with ovalbumin. Colons of tolerized animals showed a strikingly increased TGF- 
(3 but decreased IL-12 expression. Isolated mononuclear cells from HCP fed animals 
secreted less IL-12 heterodimer. The suppressive effect of orally administered HCP 
was abrogated by the concomitant systemic administration of anti TGF-(3 or IL-12, 
suggesting a reciprocal relationship between IL-12 and TGF-|3 on tolerance induc- 
tion in the TNBS induced colitis [51]. In addition, it was shown that TNBS induced 
colitis can be transferred to naive recipient animals with purified CD4 + T-cells from 
colons of TNBS treated animals. Such animals developed lethal pancolitis when 
exposed to very low doses of TNBS. Feeding of HCP suppressed this sensitivity to 
TNBS, indicating that oral feeding can suppress the response of pre-committed T- 
cells in vivo [51, 54]. These studies suggest that TGF-(3 production can abrogate 
experimental colitis even after such colitis is established. 

In addition, the studies showed that feeding of colon antigens extracted from a 
diseased bowel induced anti-colon immune down-regulation, with marked allevia- 
tion of clinical and histological parameters of colitis. These results suggest that 
TNBS instillation exposed or generated target epitopes that are important in the 
pathogenesis of experimental colitis induction. Feeding of these antigens induced 
immune tolerance, while shifting the immune response from a Thl to a Th2/Th3 
type, thus changing the pro-inflammatory/ anti-inflammatory cytokine balance, and 
alleviating the colitis. 



Mechanisms of tolerance induction in experimental colitis 

Active suppression 

Many studies demonstrated that active suppression was an important mechanism 
for oral tolerance [58, 59]. After feeding antigens such as ovalbumin or the red 
blood cells of sheep, transferable suppression to cell-mediated immune (CMI) 
responses was demonstrated using T-cells from Peyer’s patches, mesenteric lymph 
node and spleen as sources of cells for adoptive transfer experiments. Investigators 
have also reported initial sensitization prior to the appearance of suppression. Low 
doses of ovalbumin induced a state of tolerance that could be reversed by cyclophos- 
phamide and primarily affected cell-mediated responses [2, 11]. Active suppression 
is a primary mechanism that acts via secretion of antigen-non-specific down-regula- 
tory cytokines after triggering by a fed antigen. Such cells were first characterized in 
the Lewis rat model of EAE orally tolerized to low doses of myelin basic protein 
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(MBP [58]). The regulatory cells identified in that model were CD8 + and acted via 
secretion of TGF-|3 [59]. They transfer suppression in vivo and can also suppress in 
vitro. TGF-|3 secreting regulatory cells can be found in Peyer’s patches 24-48 hours 
after one feeding of low doses of MBP. It was found that CD4 + cells were also 
responsible for active suppression. Thus, when a low-dose of MBP was adminis- 
tered, Thl, but not Th2 immune responses, were suppressed. Th2 cytokines (IL-4, 
IL-10) and TGF-|3 were significantly increased in mice fed with low doses of MBP 
[2, 59-62]. 

The tolerization methods described above, for viruses as well as experimental 
colitis, could potentially involve clonal anergy, clonal deletion, or proliferation of 
negative immunoregulatory cells. To evaluate whether negative immunoregulatory 
lymphocytes are important in these tolerization procedures, we studied adoptive 
transfer of lymphocytes from orally tolerized donors. Gut or splenic lymphocytes 
harvested from tolerized rats were infused into irradiated naive Gunn rats. Subse- 
quent injection of the recombinant virus showed that only splenic lymphocytes, but 
not gut lymphocytes, mediated the adoptive transfer of tolerance [63]. The cytokine 
expression pattern of rat splenocytes, after in vitro virus stimulation by RT-PCR, 
was determined. Splenocytes from orally tolerized rats, but not from naive control 
rats, expressed TGF-p, and IL-4, and IL-10. In contrast, IFN-y was down-regulated 
in splenocytes from tolerized rats. In non-tolerized controls, high levels of IFN-y 
secretion were observed [63]. These results suggest that ingestion of low-dose anti- 
gens leads to activation of suppressor cells in the systemic immune system, and then 
to secretion of immunosuppressive cytokines. Suppressor lymphocytes were able to 
transfer the anti-viral-tolerance and were found to be present in the spleens of toler- 
ized animals, but not in the gut wall. This is consistent with the hypothesis that 
memory for tolerance resides in the spleen or other lymphoid organs, while the 
bowel cells serve as a vehicle for antigen presentation, processing and educating the 
suppressor regulatory cells. 

To determine the role of suppressor lymphocytes in oral tolerance induction in 
experimental colitis, we recently tested whether lymphocytes harvested from toler- 
ized rats can adoptively transfer the tolerance. Splenocytes were harvested from 
tolerized and non-tolerized control rats and transplanted into naive irradiated ani- 
mals, followed by rectal TNBS instillation. Splenic lymphocytes from tolerized rats 
were capable of adoptively transferring the immune tolerance upon transplantation 
into naive rats. Adoptive transfer of tolerance was seen only in rats that received 
splenocytes from donor rats fed with colitis-extracted proteins. Following rectal 
TNBS administration, recipients of tolerized splenocytes developed a much lesser 
degree of colitis, similar to those observed in tolerized rats. In contrast, when lym- 
phocytes from BSA-fed control rats were used as donors, adoptive transfer of toler- 
ance did not occur. The percentage of colonic area exhibiting signs of injury was 
33% versus 80%. All tested individual parameters, including intestinal and peri- 
toneal adhesions, degree of mucosal edema, degree of colonic ulcerations, and 
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colonic wall thickness, improved. The average score of all macroscopic parameters 
tested, improved from 2.65 in non-tolerized rats to 0.62 in tolerized rats. Further- 
more, in tolerized rats, inflammatory response and mucosal ulceration were mini- 
mal 10 days after colitis induction. In contrast, severe inflammatory reactions (grade 
3-4) were observed in bowel specimens from control rats. The standard pathologi- 
cal score was 1.12 versus 3.86 in tolerized versus non-tolerized controls [50]. 

Use of surrogate antigens 

Clinical application of oral tolerization for patients with IBD requires tolerance 
induction by surrogate antigens. The aims of a recent study were to evaluate 
whether oral administration of colitis and normal colon-extracted proteins, derived 
from different species, can induce tolerance and alleviate the anti-colon immune 
response [64, 65]. TNBS-colitis was induced by rectal instillation of TNBS. Colon 
was removed from normal or from TNBS-induced-colitis-colons of mice, rats, rab- 
bits and human specimens (from normal parts of surgical specimens); cut into small 
strips and mechanically homogenized. Normal colon extracted proteins (NCEP), 
and colitis extracted proteins (CEP), were orally administered in the experimental 
groups, every other day for 10 days, (a total of six doses). For preparation of human 
colon specimens, colon samples were exposed in vitro to TNBS. Nine groups of 
mice, consisting of 10 animals each, were studied. All mice were challenged with 
rectal TNBS on day one of the study. Mice in all groups were fed (50 |ig/mouse) 
every other day for 10 days starting on day of colitis induction. Groups A through 
D included mice fed with colitis extracted proteins (CEP). Group A mice were fed 
with mouse-derived-CEP; Group B were fed with rat-CEP; Group C mice were fed 
with rabbit-CEP; and Group D were fed with human-CEP. Groups E to H were fed 
with normal colon-extracted-proteins (NCEP): Group E was fed with mouse- 
derived NCEP; group F with rat-NCEP; group G with rabbit-NCEP; and group H 
with human-NCEP. Control mice in group I were fed with bovine serum albumin 
(BSA). Mice in all groups were sacrificed 14 days following colitis induction. 

A marked decrease in diarrhea was observed in tolerized mice from group A fed 
with mouse-CEP. A similar beneficial effect was observed in group E mice treated 
with mouse derived-NCEP. In contrast, mice fed with BSA in control group I, and 
mice fed with rabbit-CEP or with NCEP from rat, rabbit or human colons in groups 
C, F, G, H, respectively, suffered severe diarrhea. Induction of oral tolerance by feed- 
ing of mouse extracted colitis-derived proteins (group A), or with normal-mouse 
colon extracted proteins (group E), markedly alleviated the macroscopic grading of 
colitis. The total macroscopic score was 0.4 and 0.56 in groups A and E mice respec- 
tively, compared with 3.3 in the non-treated control group I (p < 0.005). A favorable 
effect was also observed in mice fed with rat and human-derived CEP (groups B and 
D). Their total macroscopic scores measured 0.8 and 0.7, respectively. In contrast, 
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non-tolerized mice, fed with rabbit-CEP or NCEP derived from rats, rabbits or 
humans (groups C, F, G, H respectively) suffered from severe colitis, and their total 
macroscopic scores were 1.9, 2.75, 1.85, and 3.25 respectively. The total score in 
non- treated control mice was 3.3 (group I). Histologic evaluation of bowel tissue 
showed a marked reduction in inflammatory response and mucosal ulcerations in 
tolerized mice from groups A and E, compared with non-tolerized mice in groups 
C, F, G, and H, and Group 1 control mice. For mice in groups A and E, almost nor- 
mal sections, or only minimal lymphocytic infiltration, were detected. In contrast, 
severe inflammatory reaction (grade 3-4) was observed in bowel specimens taken 
from non-tolerized mice. A partial effect was observed in mice fed with rat and 
human derived CEP in groups B and D [64]. 

Tolerized mice manifested a shift from Thl to Th2 immune response cytokine 
secretion. The feeding of mouse-derived CEP induced an increase in IL-10 levels and 
a decrease in IFN-y serum levels 10 days following colitis induction. Similarly, the 
feeding of mouse-derived NCEP induced a Thl to Th2 immune shift. In contrast, 
mice from non-tolerized groups C, F, G, H and control group I, exhibited high IFN- 
y and low IL-10 serum levels. 

This study showed that surrogate antigens derived from normal mouse colonic 
wall induced a similar beneficial effect to that achieved by the feeding of mouse- 
derived-colitis extracted proteins. Administration of both colitis derived, and nor- 
mal colon derived-proteins, induced an immune shift in the Thl/Th2 cytokine bal- 
ance. Moreover, proteins extracted from diseased human and rat colons also had a 
favorable effect in this model, alleviating all tested parameters. In contrast, the feed- 
ing of proteins extracted from normal rat, rabbit, and human colons or from dis- 
eased rabbit colon, failed to induce tolerance [64, 65]. These results suggest that sur- 
rogate antigens, related to the disease-target-epitopes, may have a similar immune 
modulating effect. The non-diseased mouse colon, and TNBS instillation into 
human and rat colons, may have exposed or generated related epitopes. Although 
antigen specificity was previously suggested to play an important role in oral toler- 
ance induction, these results imply that closely related proteins are being presented 
and processed by the gut-associated lymphoid tissue in a similar way. Therefore, 
administration of an antigenically similar epitope, or of an epitope distinct from the 
disease-target epitope, but found in the target organ, can both down-regulate 
peripheral immune activation [64, 65]. When suppressor T-cells activated by APC 
presentation of these proteins encounter similar epitopes in the colon, they secrete 
anti-inflammatory cytokines. These cytokines are not antigen-specific, and as both 
disease-target antigen and tolerizing epitopes are located in close proximity to each 
other, tolerance is induced. Thus, geographical proximity or antigenic similarity to 
the disease-target antigen may explain the differences in suppressor cell stimulation 
observed in the various groups in this study. 

The role of epithelial cellular proteins in the TNBS model is unknown. Recent 
examination sought to determine whether oral tolerance can be induced in this 
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model with colon epithelial cell proteins, and whether it is organ specific. Rats were 
fed five daily doses of extracts of LS-180 human colon cancer cells or HT 1080 
human fibroblast cells. Syngeneic normal rat colon or small intestinal extracts were 
fed to separate groups of rats. After oral feedings, each rat received TNBS by enema. 
Rats were tested 15 days later. Rectal TNBS instillation produced severe colitis with 
a 26% mortality rate. Rats fed LS-180, or rat colon extract before TNBS enema, 
were protected as evidenced by reductions in mortality rate, disease scores, and 
myeloperoxidase values. However, rats fed HT 1080 or small intestine extract 
lacked such protection. T-lymphocytes from mesenteric lymph nodes and spleen of 
LS-180 extract-fed rats were passively transferred to naive rats, and this was fol- 
lowed by TNBS enema. These rats showed clear protection. Protected animals had 
low IFN-y and high TGF-(3 levels. This study demonstrates that cellular proteins 
from human colon epithelial cells, but not from human fibroblasts, can induce oral 
tolerance in experimental colitis. This oral tolerance is mediated by primed mesen- 
teric and splenic T-lymphocytes [55]. 

The mechanisms underlying induction of tolerance after the feeding of soluble 
exogenous antigens, including proteins and haptens, are still unclear. It was recent- 
ly suggested that haptenization of the colonic antigens is non-essential because oral 
feeding of non-haptenized colonic antigens also protects rats from TNBS-induced 
colitis. Thus, unmodified colonic antigens may be involved in the induction of oral 
tolerance, and possibly in the pathogenesis in this colitis model. It was further 
shown that the protective immunity or oral tolerance induced by non-haptenized 
colonic antigens could be passively transferred to naive rats by mesenteric T-lym- 
phocytes. Using a model of oral tolerance to the contact-sensitizing hapten 2,4-dini- 
trochlorobenzene (DNCB), the ability of intestinal epithelial cells and of Peyer’s 
patch APC to present DNCB in vitro or ex vivo after oral feeding, was compared to 
specific peripheral lymph node T-cells from DNCB-sensitized mice [54-57]. In con- 
trast to Peyer’s patch APC, which induced efficient hapten-specific T-cell activation 
upon exposure to the hapten either in vitro or in vivo , mature MHC Class-II-posi- 
tive intestinal epithelial cells were unable to induce T-cell activation in either case. 
Enter ocytes from DNCB-fed mice exerted a dramatic inhibitory effect on the pro- 
liferative response of hapten-primed T-cells in response to dinitrobenzene sulfonate 
presented by syngeneic spleen cells. This inhibitory effect was also observed with 
supernatant of intestinal epithelial cells from DNCB-fed mice, and was reversed by 
neutralizing anti-TGF-(3 antibodies. In addition, pre-incubation of hapten-sensitized 
T-cells with enterocytes from DNCB-fed mice induced T-cell anergy that could be 
reversed by exogenous IL-2 or IL-4. These data demonstrate that intestinal epithe- 
lial cells activated in vivo by oral administration of DNCB are able to block prolif- 
eration of activated T-cells through secretion of immunosuppressive cytokines such 
as TGF-(3 [55-57]. 

A bystander effect is known to play a role in oral tolerance induction [10, 58]. 
It involves the secretion by regulatory cells of non-antigen specific-cytokines that 
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suppress inflammation in the micro-environment where the fed antigen is localized. 
Several studies showed only partial or no effect of bystander oral tolerance. Inter- 
estingly, in recently published studies, oral feeding of small intestinal antigens, hap- 
tenized and non-haptenized, did not protect rats from colitis, thus suggesting a spe- 
cific role for colonic antigens [56]. These data suggest that haptenization of antigens 
with TNBS, or the oral feeding of TNBS, is not an absolute requirement for the 
induction of oral tolerance. These data further support the hypothesis that oral tol- 
erance to normal colonic auto-antigens is involved in the suppression of TNBS- 
induced colitis. The immune response to haptenized colonic antigens is required for 
the induction of colitis in this model because the disease is induced only after TNBS 
enema. However, the protective mechanism can be due to a bystander process in 
which the regulatory T-cells suppress responses to tissue specific antigens. Antigen 
specificity regulates its uptake and presentation patterns at the levels of gut epithe- 
lial or other antigen presenting cells of the bowel. In several models, such as in 
uveitis, induction of a bystander effect was difficult to achieve. Moreover, reactivi- 
ties to multiple auto-antigens, incomplete tolerance, or exacerbation of autoimmune 
disorders were described [20, 21]. Whether tolerance or immunogenticity can be 
induced is determined by the balance between suppressor and helper T-cells in the 
micro-environment of the responding lymph nodes. This balance is dependant upon 
factors such as the proximity of the different antigens, the number of suppressor or 
helper cells present, the nature of the antigen used, and the route of antigen entry. 



The role of the liver and of intra hepatic lymphocytes in tolerance induction 

The liver has long been suggested to be involved in immunoregulatory functions. It 
is the largest reticuloendothelial organ in the body, and several sub-populations of 
its cells are involved in antigen presentation and/or processing. It was previously 
shown that the liver plays a critical role in oral tolerance induction. A first pass of 
portal blood through portocaval shunt, or blockage of Kupffer cell function via 
injection of Gadolinium chloride, has been shown to prevent oral tolerance induc- 
tion [66, 67]. Portal vein administration of donor cells was shown to promote allo- 
specific hyporesponsiveness [68, 69]. Thus, the liver may be necessary for peripher- 
al immune tolerance induction through first pass clearance of specific sub-popula- 
tions of cells or peptides [70]. Several cell populations in the liver were shown to 
have immunomodulatory functions. Kupffer cells were found important in first line 
defense against antigens entering the liver through portal circulation. Antigen-acti- 
vated Kupffer cells have antigen presentation, phagocytosis and killing properties 
via secretion of cytokines; and induce chemotaxis and lymphocyte aggregation. 

The adult liver appears to be a meeting site for two sub-populations of lympho- 
cytes involved in its immunomodulatory functions: mainstream lymphocytes, and 
alternative lymphocytes [71]. The latter contain cells that are partially positive for 
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NK markers. NK1.1 + expressing-T lymphocytes (NKT-cells) are most abundant in 
the liver and bone marrow and are involved in killing activities. TCRint IL-2R|3 + 
NK1.1 + cells differentiate through a primordial pathway, thymic and extrathymic 
alternative pathways, rather than through the conventional thymic pathway, and 
can develop in livers of thymectomized animals [72-76]. Their functions are unchar- 
acteristic of those of any subset of conventional T-cells, but include elements of cyto- 
toxicity and B-cell help. Upon primary activation, they release a large variety of 
cytokines of both Thl and Th2 origin. They also respond to IL-12 and produce 
IFN-y, both of which are Thl cytokines, inducing anti-tumor and anti-microbial 
effector cells. Additionally, in the liver, these cells increase in response to IL-12 and 
TNF-a, and may be actively involved in administering the lethal hit to mainstream 
T-cells during peripheral deletion [71-76]. 

Several studies have recently determined the role of liver associated lymphocytes 
(LAL) expressing NK1.1 in oral tolerance induction [77, 78]. Depletion of NK1.1 + 
LAL prevented oral tolerance induction in an animal model of experimental colitis, 
thus leading to severe bowel inflammation in these mice. Depletion of this subset of 
lymphocytes prohibited the induction of a Thl to Th2 immune response shift, as 
observed in orally tolerized mice in this model. Moreover, depletion of NK1.1 + LAL 
prevented the adoptive transfer of tolerance, suggesting that these cells are impor- 
tant in keeping a balance between suppressor-anti-inflammatory and pro-inflamma- 
tory subtypes of lymphocytes [77]. 

To evaluate the role of NK1.1 + LAL in keeping the balance between immuno- 
genic and tolerogenic subsets of cells, their cytotoxicity functions in tolerized and 
non tolerized-mice were tested. NK1.1 + LAL cytotoxicity function increased 
markedly in tolerized mice. NK1.1 + LAL cytotoxicty function is associated with 
peripheral tolerance induction and may be accountable for keeping the Thl/Th2 
immune balance [78]. Induction of tolerance by the feeding of mouse-derived CEP 
and mouse-derived NCEP markedly enhanced NK1.1 + LAL-cytotoxicity function, 
as measured by specific lysis assays. YAC-1 cells were used as target cells at an E:T 
ratio of 25:1. Liver lymphocytes isolated from tolerized mice showed increased cyto- 
toxicity, as compared with non-tolerized control mice [64, 65]. NK1.1 + LAL cyto- 
toxicity function was increased by the feeding of mouse derived colitis and normal 
colon-extracted proteins. Moreover, the feeding of human and rat derived-colitis 
proteins induced a similar phenomenon. Thus, both disease-target epitopes and sur- 
rogate antigens can lead to induction of NK1.1 + LAL. 

It is as yet unclear whether an antigen has to be processed and/or absorbed, and 
whether protein denaturation is necessary for tolerance induction. Antigen presen- 
tation may require whole proteins to be presented into the bowel. However, protein 
processing and absorption may also be involved in tolerance induction or in its 
maintenance through post-gut mechanisms. Oral administration of an antigen leads 
to production of two sub-populations of cells: the first induces immunity via secre- 
tion of pro-inflammatory cytokines, while a second induces tolerance via secretion 
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of anti-inflammatory cytokines. Induction of oral tolerance requires a balance 
between these two subsets of cells, and implies the type of antigen specific-immune 
response. Tolerance induction requires a shift from Thl to Th2 immune response. 
The results of the studies described above imply that the mechanism by which the 
liver is involved in tolerance induction may be via NKT LAL. This subset of lym- 
phocytes may be involved in striking a balance between immunogenic and tolero- 
genic cell populations, thus leading to tolerance induction. Down-regulation of anti- 
gen specific immunogenic cells thereby enables an immune shift from a Thl -pro- 
inflammatory to a Th2-suppressor-anti-inflammatory type of immune response. 

To determine the role of NKT-cells in induction and maintenance of pro-inflam- 
matory and/or tolerizing responses, colitis was induced in C57/B6 donor mice by 
intracolonic instillation of trinitrobenzenesulfonic acid (TNBS). Donor mice 
received five oral doses of colonic proteins extracted from TNBS-colitis colonic 
wall. Depletion of NKT lymphocytes was performed before lymphocyte harvesting. 
Splenocytes were harvested and separated into T-cell sub-populations, and trans- 
planted into recipient mice before intracolonic instillation of TNBS. Standard clini- 
cal, macroscopic, and microscopic scores, and intracellular staining, flow cytome- 
try, and cytotoxicity assays were performed. The adoptive transfer of CD4 + and 
NKT-cells harvested from tolerized mice markedly ameliorated the colitis in recipi- 
ent mice. In contrast, the adoptive transfer of CD8 + and double negative lympho- 
cytes failed to transfer the tolerance. Recipients of splenocytes from tolerized mice 
exhibited an increase in CD4 + IL-4VCD4 + IFN-y + ratio. In contrast, recipients of 
splenocytes from NK 1.1 -depleted tolerized mice exhibited severe colitis with a sig- 
nificant decrease of the CD4 + IL-4 + /CD4 + IFN-y + ratio. However, adoptive transfer of 
splenocytes from non-tolerized NKT-depleted mice led to an alleviation of colitis 
with a relative increase of the CD4 + IL-4 + /CD4 + IFN-y + ratio. Thus, NKT lympho- 
cytes play a critical role in immune regulation. They may be accountable for an 
alteration of the inflammatory response and the CD4 + IL-4 + /CD4 + IFN-y ratio in 
immune-mediated colitis, and in peripheral tolerance induction [79, 80]. 

The results of these studies show that NKT lymphocytes play an active role in 
the immune modulation of experimental colitis. The results of these studies showed 
that this subset of lymphocytes has a dual role in regulating the immune-mediated 
damage in this model. In a tolerized environment they support immune hypore- 
sponsiveness. On the other hand, in a non-tolerized environment they support a pro- 
inflammatory immune response [79, 80]. The adoptive transfer of tolerized NKT- 
cells mediated the transfer of tolerance to recipient mice and prevented the induc- 
tion of disease. It was suggested that the environment in which NKT-cells are 
activated may determine their response. NKT-cells are not stably polarized, and that 
upon different triggers, TCR rearrangement triggers both Thl and Th2 cytokine 
secretion from these cells. NKT-cells may be involved in keeping a balance between 
anti-inflammatory and pro-inflammatory lymphocytes via cytokine secretion, or via 
the killing of pro or anti-inflammatory subsets of lymphocytes. They may determine 
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the Thl/Th2 paradigm via IFNg pro-inflammatory, or via IL-4 anti-inflammatory 
cytokine secretion [79, 80]. 



Clinical application of oral tolerance 

What are the advantages and limitations of the future use of oral tolerance in 
patients with inflammatory bowel disease? Immunosuppressive drugs are associat- 
ed with short-term and long-term complications. The use of immune modulatory 
therapies is not antigen specific and therefore may expose the patients to unwanted 
systemic effects. In contrast, induction of specific tolerance towards disease-associ- 
ated antigens could potentially allow long-term alleviation of the disease, thereby 
leaving the general immunological defense of the recipient intact. The promising 
results of the pre-clinical trials in the animal model may have implications for the 
treatment of inflammatory bowel disease in humans. 

Mucosal tolerance can be used to treat inflammatory processes that are immune 
mediated by nature. Because regulatory T-cells generated by oral antigen are trig- 
gered in an antigen-specific fashion but induce suppression in an antigen non-spe- 
cific fashion, they mediate bystander suppression when they encounter the fed auto- 
antigen at the target organ. Thus, it would seem logical that autoimmune diseases 
caused by an inappropriate response to self antigens might ultimately be treated by 
presenting such auto-antigens to the mucosal surface where they can be dealt with 
in a non-injurious (non-inflammatory) immunologic environment. 

What are the current limitations for the use of this method in humans? 

I. Not knowing the disease target antigen, which may not necessarily be identical 
in all patients. 

II. The possibility of inducing exacerbation of immune response in the bowel or of 
immune mediated extraintestinal manifestation. 

III. Lack of success of prior trials of oral tolerance in humans with immune mediat- 
ed disorders. Several reasons may be held accountable for these failures includ- 
ing: dosing, specificity of antigen used, and lack of active inflammatory response 
in the patients that were treated. 

The aims of ongoing trials using oral tolerance are to test the role of different sub- 
sets of systemic and intrahepatic lymphocytes in oral tolerance induction. The 
requirements for antigen presentation and cost stimulation as well as the cytokine 
milieu and roots of antigen processing are being studied. The role of subsets of lym- 
phocytes (e.g.: y6 T-cells) and the effects of oral tolerance on antibody responses and 
on CTLs are being assessed. The effect of oral tolerance on allergy, IgE and other 
antibodies response, and on various subgroups of cytotoxic T-cells, is also being 
investigated. Also being explored are: the effect of aging on tolerance induction, the 
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use of transgenic plants for antigen presentation, the role of oral tolerance in the 
immune escape mechanism of tumors, and the effect of immunemodulatory drugs on 
oral tolerance. The relationship between oral tolerance and food allergy and vaccino- 
therapy are being evaluated. Should some of these questions be solved, oral tolerance 
may thus become a new mode of treatment for various immune-mediated disorders. 

In conclusion, the etiology and pathogenesis of inflammatory bowel diseases 
(IBD), e.g., Crohn’s disease and ulcerative colitis, are still not completely under- 
stood. However, there is growing evidence that an alteration of the mucosal immune 
system towards luminal antigens in a genetically susceptible host plays a key role in 
the pathogenesis of IBD. In particular, cytokines produced by intestinal epithelial 
cells, lamina propria macrophages and CD4 + T-cells appear to contribute to the ini- 
tiation and perpetuation of intestinal inflammation in IBD. What is the future of 
oral tolerance induction in the treatment of patients with inflammatory bowel dis- 
ease? Oral tolerance can be viewed as an immunological mechanism that evolved to 
treat external agents, which gain access to the body via a natural route as internal 
components, which then become part of self. The results described above, as well as 
preliminary data in humans, hold promise that this method may, in the future, be of 
use in the treatment of patients with inflammatory bowel disease. However, several 
obstacles, some of which are being dealt with in recent research, need to be over- 
come prior to the use of this method in humans. 
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